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SOME CONSIDERATIONS FOR THE PHYSICIAN IN INDUSTRY* 
C. E. Forp, M.D. 


Medical Director, General Chemical Company, New York City 


HE value of medical service in in- 
dustry was emphasized when 
state compensation laws, which ren- 
dered it compulsory to provide medical 
and surgical treatment for injured work- 
ers, became effective. Medical and surg- 
ical preventive work proved itself of 
value and demonstrated that early at- 
tention to trivial accidents and injuries 
reduces the amount of time lost both by 
the employer and the employee. Further 
experience showed that improved work- 
ing conditions notably reduce absentee- 
ism among employees. It also showed 
that conditions inimical to the health of 
workers could be removed with the as- 
surance that general physical and men- 
tal health would be benefited, resulting 
in increased production and lessened 
turnover. In other words, it has been 
established that proper health instruc- 
tion to workers pays in enhanced efh- 
ciency, besides fulfilling important 
humanitarian considerations. 
The importance of the foregoing is 
about to become amplified through the 


*Read before the Third Annual Meeting of the 
Ohio Association of Industrial Physicians, and the 
Fall Meeting of the Cleveland Society of Industrial 
Physicians, Cleveland, Dec. 3, 1921. Received for 
publication Feb. 7, 1922. 


adoption of laws providing compensa- 
tion for industrial diseases. The states 
of Ohio, Massachusetts, California, New 
York, Wisconsin and Connecticut have 
already adopted such legislation, and it 
is indicated that other industrial states 
will rapidly follow their example. 


WoRK AND STATUS OF PHYSICIAN IN 
INDUSTRY 


Supplementing the former concept, 
the work of a plant physician should 
reach all departments and all activities 
of the organization. The physician who 
limits his activities to the plant dispen- 
sary is found to be relatively of little 
value to the industry with which he is 
associated. It is only as his influence 
reaches into the operating departments 
that the fullest measure of his service is 
realized. Coexistent with his curative 
and preventive activities should be a de- 
sire to see that men are placed at work 
for which they are physically qualified. 
The only method possible of obtaining 
this end is through the physical exam- 
ination of workers and applicants for 
employment—not only is the applicant’s 
physical condition determined but his 
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mental attitude as well is considered. 
His reaction toward industry in general, 
and particularly toward the job which 
he is seeking, can be gauged with a fair 
degree of accuracy concurrent with the 
physical examination. 

The study of processes and job re- 
quirements brings to light the degree of 
hazard present in different operations 
and suggests protective measures to 
Certain hazards 
will, of course, remain concealed until 
cases of accident or illness bring them 


meet each situation. 


sharply to the attention of the superin- 
tendent through the medical depart- 
ment, but it has been found that most 


. 


of these hazards, especially those of 
major character, are revealed when ex- 
haustive studies are carried on trom the 
viewpoint of the plant dispensary. With 
a physician or staff with experience, dis- 
cretion, and the best interest of the em- 
plover in mind, this work is so carried 
forward that rejections and recom- 
mendations incur little or no criticism. 
Rejections in many plants are based on 
the following: 


ranie disease -tncluding uncompensated 
heart disease, disease of the cireulatory sys- 


tem, stomach, liver, kidneys, ete 


Loss of or defeetive vision, 

Deafness or disease of the ears likely to 
lead ther 0, 

Diseases of the nervous system. 

Hernia. LESS operated upon or unless the 


company released from legal responsibility. 
(‘ommui eable disease 
Amoputations. 


Defective mentality. 


Candidates should be classified as fol- 
lows: 


1. Individuals physically and mentally fit 
for allay 10ob 

’. = Individuals physieally fit for any em- 
ployment but below par in development or by 
reason of minor defeet, who by treatment may 
be placed in Class 1. 

3. Individuals fit for lmited employment 
when certified to by the plant physietan, 


4. Individuals unfit for any employment. 


It should be made clear to candidates 
that physical examinations are not de- 
signed to eliminate the defective, unless 
his employment would be dangerous to 
the organization, but rather to lead him 
to remedy his defects for mutual benefit. 


Notwithstanding this broad basis for 
the existence of the industrial physician 
as such (a misnomer, by the way), the 
question has been raised and debated as 
to the status of the physician in indus- 
trv. Certain eminent authorities, active 
in association work as well as in uni- 
versities, have dismissed the suggestion 
that industrial medicine or surgery is a 
Cistinct specialty, with a more or less 
Hippant assertion that industrial medi- 
cine and surgery are nothing but good 
medicine and surgery in industry. It is 
conceded that nothing short of the very 
best trained men have any right in the 
held. It is contended, however, that the 
very group of high authorities who have 
denied the phvsician in industry the 
right of special grouping and recogni- 
tion have signally failed in giving to the 
industrialist, whether he be emplover or 
employed, that prolonged period of eco- 
nomic productivity which special knowl- 
edge and responsibility place upon a 
physician in industry. They have not 
contributed to the study of the hazards 
of the occupation ; they have not studied 
processes; and they have not investi- 
vated the various operations, the me- 
chanical appliances or 
environment 


the working 
subjects fundamentally 
related to good medicine and surgery. 
Indeed, in many instances these men 
were lacking in knowledge of the nature 
of the product of the plant. 

Was it the general surgeon or indus- 
trial medicine as represented through its 
personnel that first recognized the op- 
portunity for the rehabilitation of the 
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disabled and crippled soldier? It was 
the physician in industry, familiar with 
the enormous wastage of man power, 
much of which can be charged to the 
general surgeon in his neglect of physi- 
cal reconstruction and vocational re- 
training methods, who created this new 
field that we apparently must defend. 


One might enquire who of these glib 
critics, many of whom secured their 
early surgical training by doing so-called 
accident work, are now in the field. We 
know full well that many of these men 
did not leave the industrial field of their 
own volition, and it may be noted that 
many of these eminent gentlemen have 
not been retained in a consulting capac- 
ity. Corporations have realized that 
they shortsighted in providing 
medical service of the sort that disre- 
garded the economic, social, education- 
al, political and even moral phases of the 
worker’s life. 


were 


In“ustrial medicine is not simply a 
held for the ordinary practice of general 
medicine and surgery; it bears the same 
relationship to medicine and surgery as 
do the specialties of gynecological surg- 
ery and brain surgery, with their topical 
limitations, or traumatic or military 
surgery, with its special pathology and, 
as Legge has well stated: 


The scope of application of industrial medi 
cine is to the larger group as a unit and it is 
In this relation that the main endeavors are 
directed: although individual service is ren 
dered as occasion demands, its special pur- 
pose Is prevention—the prevention of oceu- 


When these 


two main issues are applied to the whole 


pational diseases and accidents. 


rroup, the humanizing of industry is obtained 
and a crowning vietory for society aecom- 
plished. To secure the maximum efficiency 
from the human machine, the industrial sur- 


(rv ¢ On. 


virtually the human engineer, acts as 
the agent for stabilizing labor, thereby faeili 
lating production and helping the worker to 
do a better day’s work, prolong the years of 
his activity and increase his compensation, 


CONSIDERATIONS FOR INDUSTRIAL PHYSICIANS 


The skeptic may see in industrial 
medicine elements subversive to the best 
interests of the profession, socialized 
medicine, the health insurance fetish, or 
what not. There is less danger of exploi- 
tation, by faddists, of groups such as 
ours, gradually acquiring a_ business 
training, if only by contact and absorp- 
tion, than of the profession at large, with 
its isolation from affairs. It is true we 
physicians have been remiss in our com- 
munal and business obligations. There 
has been, unfortunately, a dearth of 
medical statesmanship and business ca- 
pacity. | quote from a former commun- 
ication: 


In the volumes of biologic essays prepared 
by the fellows of Sir William Osler to cele- 
brate his 70th birthday, which lamentably ap- 
pear rather as a memorial, the British Am 
bassador presents certain reflections upon the 
medical profession which are as stimulating 
and suggestive as they are eourteously 
More than any other of the great 
professions, Sir Auckland Geddes says, phy- 


phrased, 


sicians lack ‘‘the spirit of eitizenship,’’ the 
willingness ‘‘to bear their share of the burden 
of the Government.”’ Their devotion to sei 
enee and to the service of individual healing 
IS paramount; but they do not conceive of 
these things in their relation to the nation. 
| have heard teachers in medical schools say 
that their whole duty to their students was to 
teach them to prevent disease, to treat the sick 
and to ‘‘understand the method of se ence.” 
Sir Auekland Geddes denies this, though to 
do so ‘‘seems to me, in my purely sclentifie 
moods. almost disereditable.”’ 

The forees which determine national prog- 
ress, and with which a statesman is primarily 
obliged to grapple, are not recognized in any 
sclence to which the physielan is” trained, 
They are the forces of ‘‘mass emotion,” large 
ly blind, inarticulate and groping, yet su 
preme and indomitable,-forces of the racial 
renius. sSJust at present there are forces with 
which the physician, if he could only reecog- 
nize the fact, is peculiarly qualified to deal, 
‘“‘an emotion of human betterment, finding 
expression in centers for child welfare, in 
schemes for housing the working classes, in 
the establishment of ministries of health, of 
reconstruction and researech.’’ In brief. ‘* we 
are at present in the power of a world-wide 
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emotional storm, the full effects of which are 
not yet manifest,’’ but which will center in 
the betterment of the nation’s health and of 
the more purely human relationships. Mean- 
time the medical profession, ‘‘with brilliant 
exceptions,’’ is composed of men who are 
‘‘immature as citizens’’ and whose citizenship, 
such as it is, ‘‘is as divorced from their tech- 
nical knowledge as is the citizenship of the 
speculative builder when he jerry-builds new 
slums.’’ The world is ‘‘moving on to the 
greatest of its revolutions,’’ but the majority 
of physicians ‘‘who might be its far-seeing 
leaders,’’ are ‘‘blind and babbling of indus- 
trial unrest.’’ 

Throughout a relatively brief but active re- 
lation with the medical profession it has been 
observed that the individual doctor has been 
so occupied with the specific case that he has 
all too frequently permitted others to direct 
the social, eeonomie and professional adjust- 
ments that modern progress has made neces- 
sary—this, notwithstanding that the profes- 
sional interests and those of the publie are 
identical and should be solved and applied 
only by a socially-minded medical leadership. 
The present day is intolerant of isolation from 
affairs. With others, the doctors must become 
active and not only support and direct active- 
ly but create those remedies for the ills of so- 
ciety with which he is or should be familiar. 
Unless medicine does this and makes apparent 
its group strength before the people, the peo- 
ple will all too frequently be vietimized by 
the various cults and pseudo-medieal interests 
that quickly grasp the importance of public 
control and especially with legislative and 
rovernmental interests. 

Science has developed facts that have af- 
forded remarkable opportunity to progress, 
but, in so doing, serious obligations have been 
imposed upon the doetor. Changes in health 
administration have, at times, been radical, 
perhaps revolutionary, but no more radical 
and more revolutionary than the changes that 
have come to our secientifie thought. The mod- 
ern health administration, in asking much, is 
likewise giving much to the physician, The 
individualization of health work, instead of 
threatening the material interest of the doe- 
tor, actually benefits him in many ways. 


The doctor who accepts employment 
as a plant physician merely to run 
a dispensary for emergency service, or 
to fill his wards for teaching purposes, 
or to protect the interests of the em- 
ployer in case of liability claims can 


hardly be an industrial physician in the 
strict sense. The greatest shortcoming 
on the part of the physician in industry 
from a strictly medical viewpoint is his 
neglect of research. Investigation and 
inspection of plants disclose innumer- 
able opportunities for saving measures 
in illimitable variety. It is true that 
investigators are born, as a rule, but 
with the present pace of the world inves- 
tigators must be trained. Nevertheless, 
I believe that there are among us enough 
men with latent research instinct await- 
ing an arousing opportunity who, with 
heac's up, will see this opportunity when 
it presents itself. 

The study of industrial physiology is 
a phase of our work which is neglected 
by all of us, with a few notable excep- 
tions. Industrial physiology has two 
objects: (1) the purely scientific one of 
ascertaining how the worker performs 
his work, the conditions under which he 
can produce most advantageously and 
maintain bodily health; and (2) the 
more practical object of establishing in 
industry the conditions that are condu- 
cive to the maximum output of the plant 
and the maintenance of the highest 
power of the worker. 

A question which has had the serious 
consideration of industrial surgeons 
during the past year is that relating to 
the full-time physician in industry, 
wholly aside from the relative value of 
full-time service versus part-time service 
both to the employed as well as to the 
physician in the sense of his progress or 
retrogression professionally. I refer to 
the moral responsibility in encouraging 
young men of the best type to enter in- 
dustrial medicine through a term of 
preparation as elsewhere referred to, 
with the present insecurity of tenure— 
a fact which has been rudely thrust upon 
our conscience as well as our conscious- 
ness. Notwithstanding the feeling that 
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full-time men with a. hospital connec- 
tion, if possible, render better service 
than does the part-time man in general 
practice, | cannot bring myself to prom- 
ise a career free from financial worries 
to which a professional man is entitled; 
hence, | would hesitate to commit my- 
self until such time as industrial medi- 
cine is on a firmer basis than exists 
today. 


QUALIFICATIONS OF PHYSICIAN IN 
INDUSTRY 


To meet the present-day requirements 
of the physician in industry, medical di- 
rector, or however he may be character- 
ized, a man must have a good general 
education, must be upright in bearing 
and demeanor, and must possess tact 
and judgment. He must have had a 
sound professional training in a college 
stressing the great basic foundations of 
his future work—namely, anatomy, 
physiology and pathology—a _ general 
hospital training of not less than two 
years, with special attention to surgery 
during the second year, if he is to be em- 
ployed in a foundry, mill, shipyard, rail- 
road, or heavy industry. For a position 
in a store, telephone. office or an indus- 
try of light operations, training in medi- 
cine is probably preferable. In the ab- 
sence of university training in industrial 
hygiene, he should have at least five 
vears of general practice. 


The future industrial physician 
should maintain a connection with pub- 
lic health agencies, such as the city 
health department with its various dis- 
pensaries, the general dispensary, and 
other public medical service, in order to 
develop the social viewpoint as well as 
to broaden his professional skill. 

He should be capable of making ele- 
mentary psychological and _ psycho- 
pathic observations, being certain, how- 
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ever, in their practical application, of 
not confusing the psychopathics of the 
employer with those of the worker. It 
is desirable also that he have a knowl- 
edge, not necessarily profound, of the 
following: 

1. The fundamentals of industrial re- 
lations; these are widely applicable and 
include applied preventive medicine, ac- 
cident prevention, and the methods 
leading thereto. 

2. Plant organization. A knowledge 
of this subject is likely to prove effective 
in dealing with the problem of labor. 

3. Employment methods, including 
job analysis, special problems relating 
to the employment of women and chil- 
dren, race problems, and _ industrial 
training—apprenticeship and continu- 
ation schools for training in particular 
jobs. 

4. Labor turnover and its cost. 

5. Hours of work in relation to fa- 
tigue and output, including shift sys- 
tems and rest periods. 

6. Absenteeism and security and con- 
tinuity of employment during convales- 
cence from accident or disease and dur- 
ing slack seasons. In connection with 
absenteeism a knowledge of follow-up 
work, especially among new employees 
and with the injured, is valuable, as is 
also some knowledge of the replacement 
of injured and crippled employees. 

7. Physical working conditions — 
such as heating, lighting, ventilation, 
water supply, toilets, showers, locker 
rooms, rest rooms, and restaurants—de- 
signs and data for the construction and 
operation of hospitals, and plant beauti- 
fication. 

8. Pensions and insurance—1.e., lia- 
bility, group, and social. 

9. Housing—including a knowledge 
of the type of house suitable for eco- 
nomic administration, of the cost of liv- 
ing according to local standards, of com- 
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pany stores and commissaries and of and unappreciative of the finer confiden- 


broad methods of raising the standard of 
employees’ living conditions—transpor- 
tation, and recreational and educational 
facilities. 

As Meredith has recently pointed out, 
it 1s time that the doctor realized his 
concern in the normal human being as 
well as in the human being sick, and that 
his ideal should be the human body al- 
ways well, and his shame the human 
body sick. It must be realized that the 
health, 
medical problem and that, if we have a 
responsibility to the sick, our responsi- 
bility is none the less to the well. We 
physicians in industrial medicine are 
seriously at fault in not devoting more 


problem of like disease, is a 


attention to increasing our knowledge 
ot the conditions of health. 

‘That which has made America great 
in industry is her faculty of bringing to- 
gether energies hitherto rambling and 
misdirected rounded, concrete 
whole with largely amplified production. 
‘The mainspring of production or suc- 


into a 


cess 1s individual action and not state 
action. Success 1s nothing more nor less 
than opportunity to the individual. The 
enlightened business man of today sees 
clearly that the measure of his success 1s 
almost directly in proportion to the de- 
gree of opportunity that his operation 
creates for others, but of what value is 
opportunity lacking its essential adju- 
vant—the individual in good health? 


PROBLEMS CONFRONTING PHYSICIAN IN 
INDUSTRY 


The relationship of the medical de- 
partment to the organization 1s a ques- 
tion that is of concern to all of us. Too 
frequently the activities of the medical 
department are under the direction of a 
personnel manager who, in turn, 1s to- 
tally lacking in human understanding 


tial relationships of doctor and patient. 
Until a group of personnel managers are 
trained or industrial relations are recog- 
nized as having sufhcient importance to 
merit the attention of a high executive, 
| am definitely of the opinion that the 
medical department should be under the 
direction of and answerable to the high- 
est possible executive. [his is asserted 
with full recognition of its unscientific 
form. his matter has recently been 
drawn to the attention of the National 
Industrial Conference Board, and has 
been received with evident interest and 
that the suggestions 
would have consideration. 

Another most important problem con- 
fronting the industrial physician is that 
of standard and accurate records, in- 
cluding cost records. Are we as individ- 
uals in a position to justify completely 
and accurately the expenditure of the 
funds for the maintenance of the depart- 
ments for which we are responsible? In 
no part of our work is the lack of ade- 
quate records more evident than in the 
keeping of morbidity statistics, upon 
which is based the real proof of the right 
of existence, that is, the net saving in 
time lost. 

A practical obstacle in the accumula- 
tion of useful morbidity statistics in the 
past few years has been the high rate of 
labor turnover, and, more recently, the 
high rate of transfer from one occupa- 
tion to another and from one depart- 
ment to another in the process of reduc- 
ing personnel. In most industrial estab- 
lishments, this latter process seems to be 
about complete. One cycle of industrial 
activity and depression has apparently 
terminated, but a new one has begun. 
Now that the number of employees in 
establishments is less, the work involved 
in record keeping is lessened and the 
data are more valuable because the 


some assurance 
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worker stays long enough at one plant 
to permit observation of what actually 
happens from a health point of view. 
The present time is, therefore, oppor- 
tune for inaugurating the collection of 
sickness data, even if the present indus- 
trial situation necessitates a very modest 
beginning. 

In order to make the collection of 
such statistics of real value, there should 
be a clearing house from which publica- 
tions are issued to a wide field of read- 
ers. Probably the widest dissemination 
could be secured through the Public 
Health Service, which has already in- 
augurated a study of some fifty estab- 
lishments which are submitting the data 
desired. ‘Through standardization of 
the statistical methods and terms used 
by different organizations, and of the 
records, sickness periods of emplovees of 
many plants and groups of workers will 
be comparable. If each industry will 
install and maintain records in conform- 
ity with the general plan, certain defi- 
nite advantages can be expected. In the 
accumulation of records from different 
factories and for different industrial 
groups, a basis will be established for 
the further study of the behavior of 
specific diseases, the conditions under 
which they are most prevalent, their 
seasonal incidence, their possible recur- 
rence in cycles, etc. fromthe accumula- 
tion of such a body of material, as sug- 
gested, the normal expectancy of sick- 
ness among persons of different age, sex, 
color, etc., as well as the amount of pre- 
ventable illness and the effect of certain 
improvements in conditions, may be as- 
certained. ‘There are many questions 


which ought to be studied in addition to 
the direct relationship between disease 
and occupations—questions which, as 
matters now stand, are subjects of spec- 
ulation only. If the science of preven- 
tive medicine in the industrial field is to 
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progress, its statistics must develop. No 
science can be expected to make much 
headway without a means of measure- 
ment. It would seem that there is not 
merely a field, but an urgent necessity 
for co-operative effort in the direction 
that will afford a real basis for the con- 
trol and prevention of disease among in- 
dustrial employees. 

| would counsel that your organiza- 
tion, represented here today, appoint a 
committee to study such records as are 
now existent or found practicable, and 
submit your findings to a similar com- 
mittee of the American Association of 
Industrial Physicians and Surgeons in 
order that standardization throughout 
the field may be effected. 


Among other problems that should 
receive immediate attention by indus- 
trial physicians, may I enumerate the 
following: 

1. Detine the proper limitations of 
the industrial physician in relation to 
general community health activities, 
also the relations in extra industrial 
cases of illness or disability to the work 
of the practitioner in private practice; 
relationship to hospitals, community 
dispensaries and diagnostic clinics. 

2. Devise a simple method of cost ac- 
counting for medical service in indus- 
try that would seriously enlist the atten- 
tion of plant executives, thus, perhaps, 
making more stable this branch of medi- 
cine. 

3. Evolve a practical scheme for sup- 
plying health service in small plants. 

4. Make available for the medical 
profession at large special methods of 
treatment and technic which have been 
used to advantage by individuals or by 
a group in a more or less restricted ter- 
ritory. 

5. Kndeavor to produce high types of 
papers for publication in the official 
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journal, featuring problems dealing with 
industrial hygiene and medicine. 

6. Further the production of scien- 
tific data. 

7. Stimulate the active interest of 
members in national and state legisla- 
tion having to do with medico-eco- 
nomics. 

8. Establish a closer co-operation 
with the organized industries of differ- 
ent states, and contact with chambers of 
commerce and manufacturing associa- 
tions. In this way information regard- 
ing our activities could be more easily 
spread, thus educating a larger group as 
to the value and progress of industrial 
medicine. 

9. Effect a codification of compensa- 
tion laws. 

10. Create departments of industrial 
hygiene in federal, state and local health 
departments. If such departments al- 
ready exist, what work is being done and 
what prospects are there of widening 
their activities! 


CONCLUSION 


In the foregoing I have perhaps wan- 
dered far afield and have offered several 
subjects in a fragmentary fashion, with 
the object of evoking or provoking a dis- 
cussion that will serve to crystallize our 
somewhat nebulous views as to what in- 
dustrial medicine is; and with-the fur- 
ther object of indicating that the sound, 
energetic medical man, who appreciates 
that industrial medicine is no longer a 
matter of medicine and surgery or hy- 
giene and sanitation alone, but that it 
must be widened to include tundamental 
factors associated with plant processes 
and the materials used therein, as well 
as the more personal problems arising 
out of industrial life, will be of great 
value to his organization, will command 
the highest respect of every person in it, 
will wield a constant influence and, 
finally, will always tind a post awaiting 
him. 











LEAD STUDIES: LI. 


THE ESTIMATION OF 
LEAD IN BIOLOGICAL MATERIAL* 


MINUTE AMOUNTS OF 


LAWRENCE T. FarruHauu, A.M., Ph.D. 


From the Laboratories of Physiology of the Harvard Medical School 


‘i detection of lead when present 
in minute amounts in biological 
material is of considerable importance 
to the clinician and to the investi- 
gator in industrial hygiene. Its estima- 
tion 1s especially important to the latter 
in any experimental study of the 
mechanism of lead poisoning; to the 
clinician it 1s an immediate and exact 
confirmation of the diagnosis of lead 
poisoning, the symptoms of which are 
often confusing. It is remarkable that 
the methods for the quantitative deter- 
mination of lead are few, that they are 
usually restricted in application, and 
that a great many modifications have 
been proposed and much criticism lev- 
eled at these methods as they now exist. 
The problem of estimating small 
amounts of lead is greatly complicated 
when organic material is also present, 
for many organic substances mask par- 
tially, if not completely, the ordinary 
analytical reactions of lead. For in- 
stance, a milligram or two of lead as 
chloride in 5 c.c. of blood serum will give 
no precipitate with potassium chromate 
and only a slight darkening with hydro- 
gen sulphide, yet this quantity of lead in 
aqueous solution may be quantitatively 
precipitated by either of these reagents. 
Organic material must be completely 
destroved, therefore, and experiment 
has shown that this is a delicate opera- 
tion involving especial care in manipu- 
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lation in order to guard against losses. 
With proper precautions, however, ex- 
ceedingly small amounts of lead—1 part 
in 10,000,000 in urine, for instance— 
may be positively identified. 

A search of the literature shows that 
the methods most frequently employed 
for the estimation of small quantities of 
lead are (a) the colorimetric sulphide 
method; (%) gravimetric or volumetric 
sulphate, molybdate and _ chromate 
methods; and (c) the electrolytic meth- 
od, in which lead is estimated as lead 
dioxide. The literature is particularly 
rich in criticism and modification of 
these methods as applied to the deter- 
mination of lead in different kinds of 
material (1), and no one method can be 
applied with equal accuracy under all 
conditions. 

Zeller, in 1707, used an extract of or- 
piment and lime water—which would 
contain soluble sulphides—as a means 
of detecting lead; and hydrogen sul- 
phide as a reagent in analytical chem- 
istry was first proposed by lourcroy and 
Hahnemann, who used water acidified 
with hydrochloric acid and saturated 
with hydrogen sulphide as a test for 
lead (2). Pelouze (3), however, in 1842 
was the first to propose a colorimetric 
method for the determination of small 
amounts of lead. He converted it into 
the sulphide and compared the intensity 
of the brownish coloration produced 
against standard lead solutions similar- 
ly treated. A great many modifications 
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of this simple method have been devel- 
oped, particularly for the estimation of 
lead in drinking water, wine, beer, 
It has also been proposed as 
a means of estimating the amount of 
lead in factory dusts, etc. (4). 

‘The usual way in which this deter- 
mination is made is to add a soluble 
sulphide, such as sodium or ammonium 


drugs, etc. 


sulphide, to the solution containing lead 
and then to match the intensity of color 
produced against that in solutions con- 
taining known amounts of lead, the 
comparison usually being made in 
Nessler tubes (5). One objection to this 
direct method is that, in the presence of 
sulphide is 


alkaline sulphides, iron 


formed. If, on the other hand, in order 
to avoid this, the solution under exam- 
ination is acidified by the addition ot 
hydrochloric or acetic acids, low results 
are obtained owing to the slight solubil- 
itv of lead sulphide in acid solution. 
This may be avoided by first converting 
the iron into a complex cyanide by treat- 
ing the solution with ammonia and po- 
tassium cyanide. lhe 1ron complex thus 
formed no longer interferes by giving a 
coloration with the alkaline sulphide 
(6). Wilkie (7) has found, however, 
that if the iron 1s present as a ferric salt, 
it is not converted in this way into a 
compound unatlected by the alkaline 
sulphide, and that it 1s necessary to con- 
vert the iron to the ferrous state, prefer- 
ably by means of sodium thiosulphate, 
before adding the ammonia and potas- 
stum cyanide. ‘The method has been 
employed somewhat similarly by Teed 
(8), Budden and Hardy (9), and others 


(10). 


In orde 


er to avoid the effect of other 
substances in estimating lead in this 
manner, several of these investigators 
first separated the lead from solution by 
Various means, so as to effect a degree 


of purification. The lead salt was then 
dissolved in an appropriate medium and 
the lead colorimetrically determined as 
previously outlined. It has also been 
found that the addition of glycerin or 
sugar to the solution gives greater uni- 
formity in tint and slightly decreases the 
opacity of the solution. In place of the 
usual standard lead solution, Harcourt 
(11) recommends the use of a standard 
solution made of the sulphates of cop- 
per, cobalt and iron. 

A number of objections have been 
found in the application of the colori- 
metric method of estimating lead as the 
sulphide. lor instance, the physical 
condition of the lead sulphide at the 
time the color comparison is made is 
very important. This is determined by 
various factors—- acid concentration, 
amount and character of the salts pres- 
ent, etc. In alkaline solutions or in 
solutions slightly acid with organic 
acids, the lead sulphide is present in col- 
loidal condition (12), and the size of the 
particles to a large extent determines the 
depth of coloration (13, p. 168). Calcium 
salts in the solution are much more ac- 
tive in coagulating the sulphice than 
According 
to Woudstra, the solution must be color- 
less before precipitating the leal sul- 
phide, and the standard and the solution 
to be compared should contain a uni- 
form concentration of electrolytes. 

Since it is difficult to secure a high 
degree of accuracy with solutions of 
known lead content, while with solu- 
tions containing unknown amounts of 
lead extreme care must be taken in or- 
der to have the conditions of precipita- 
tion uniform to secure reliable results, 
this method presents many disadvan- 
tages from the point of view of rapidity 
of execution. With biological material 
it is, of course, necessary to ash first of 


sodium or potassium salts. 
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4 es ; 
all in order to eliminate the effect of 


organic substances. 

The sulphate method is usually used 
for the analysis of larger amounts of 
lead than we are concerned with here, 
although it 1s occasionally used for the 
estimation of lead in tissues in cases of 
experimental poisoning (14, p. 330). 
Within its limits it has many obvious 
advantages, but it is scarcely applicable 
to the estimation of very small amounts 
of lead. In order to separate lead com- 
pletely from other substances and to 
secure a higher degree of accuracy, 
many modifications of the sulphate 
method have been introduced (15). 

Lead sulphate is soluble to the extent 
of 40 mg. per liter at 18° C. (16) and, 
while this solubility is greatly reduced by 
an excess of alcohol and sulphuric acid, 
an appreciable amount of lead is lost in 
the ordinary course of manipulation. 
Schneider (15) found it necessary to use 
a correction amounting to 6 mg. of lead 
sulphate per liter of filtrate. 

A number of substances such as am- 
monium chloride, tartrate, acetate, the 
alkaline chlorides and caustic alkalies 
increase the solubility of lead sulphate, 
thereby leading to low results; while 
potassium salts may give high results, 
on account of the formation of a double 
salt of lead and potassium sulphates 
| K2Pb (SOs)-] (17). 

In the presence of much calcium, in- 
soluble calcium sulphate is precipitated 
along with the lead sulphate, and it is 
difficult to effect a quantitative separa- 
tion of the two. Usually this separation 
is effected by the addition of ammonium 
acetate in which lead sulphate is readily 
soluble. In this connection, however, it 
should be remembered that calcium sul- 
phate also dissolves in ammonium ace- 
tate to some extent (14, p. 338). These 
tacts make it apparent that the deter- 


mination of lead as lead sulphate is suit- 
able only for the estimation of relatively 
large amounts of lead. 

As the molybdate, lead may be deter- 
mined either gravimetrically (18) or vol- 
umetrically (19), since lead molybdate 
is insoluble and lends itself readily to 
either process. [he sensitivity of am- 
monium molybdate as a precipitant for 
lead is as 1:800,000, according to 
Kegriwe (20). There are certain difh- 
culties, however, such as the interference 
of calcium salts and particularly phos- 
phates, which render this process inap- 
plicable to the convenient estimation of 
lead in biological substances. [or cal- 
clum salts and phosphates both give in- 
soluble precipitates with ammonium 
molybdate, and both these substances 
are present in large amount in the ash 
of biological material. 

The electrolytic process of lead an- 
alysis in which lead is separated either 
as metallic lead at the cathode (21), or 
more often as lead dioxide at the anode 
(22), has been subjected to much inves- 
tigation. In general, the determination 
of lead as metallic lead is attended with 
some difficulty, because metallic lead is 
difficult to dry for weighing without un- 
dergoing some oxidation. However, since 
lead dioxide may be quantitatively sep- 
arated at the anode by the electrolysis of 
a nitric acid solution of lead, this method 
is extensively used, particularly for the 
analysis of alloys containing lead. A 
modification of this method has been 
devised (Denis and Minot, 22) in which 
small quantities of lead are estimated by 
precipitating the lead as sulphide, dis- 
solving the latter in nitric acid and sep- 
arating the lead electrolytically as diox- 
ide. This in contact with an acid solu- 
tion of potassium iodide liberates iodine 
quantitatively and the amount of lead 
is estimated by titrating the liberated 
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iodine with standard sodium thiosul- 
phate solution. 

Vortmann has found that phosphates 
and sulphuric acid tend to give low re- 
sults in the electrolytic determination of 
lead as dioxide, and for this reason low 
results would be expected when the 
method in any of its modifications 1s ap- 
plied to biological material. Frankel 
(21), for example, failed to detect ex- 
creted lead in urine by this means, al- 
though lead was shown to be present un- 
questionably by other methods. The fact 
that it has been advised that this method 
(at first proposed by the Association of 
Official Agricultural Chemists for the 
estimation of minute amounts of lead in 
baking powders) be abandoned (23), 
further emphasizes this point. Further- 
more, the difficulties of manipulation, 
when applied to the determination of 
minute amounts of lead, militate against 
its use as a routine method. 

The most insoluble salt of lead known 
at present is the chromate. According 
to Kohlrausch (24), its solubility in wat- 
er at 25° C. is about 0.10 mg. per liter, 
while von Hevesy and Paneth (25), who 
used radium-D as a radioactive indi- 
cator, by mixing the latter with a lead 
salt (from which it is indistinguishable) 
and estimating the radioactivity of a 
saturated solution of lead chromate, de- 
termined the solubility to be 0.012 mg. 
per liter. Because of its great insolubil- 
ity and because of the fact that there are 
very few interfering substances which 
would be likely to affect the purity of 
precipitated lead chromate, this method 
was particularly recommended years 
azo by Crookes (26) as a means of esti- 
mating exceedingly minute amounts of 
lead. 

Lead may be precipitated and weighed 
directly as lead chromate, or it may be 
estimated volumetrically by the method 


originally proposed by Diehl (27). In 
the latter method, the lead is precipi- 
tated by an excess of 1/20 normal potas- 
sium dichromate solution and filtered, 
and the excess of potassium dichromate 
in the filtrate titrated with 0.02 normal 
sodium thiosulphate. 

The chromate method has received 
critical examination and has been modi- 
fied by several investigators (28), yet its 
general applicability to the estimation 
of minute amounts of lead seems to have 
been somewhat neglected. This may be 
due in part to the fact that lead chro- 
mate precipitated from a concentrated 
solution of a lead salt, particularly in 
the presence of sodium acetate—as is 
usually recommended — tends to be 
basic in character. This is due to the 
formation of PbCrO,;.PbO and will, of 
course, give low results. As is shown 
below, however, lead when present in 
small amount and in the presence of 
acetic acid may be precipitated quanti- 
tatively as lead chromate, PbCrQ,. In 
this connection, Cox (29) has shown 
that the basic salt 1s completely con- 
verted into the normal salt by means of 
acetic acid. 

Certain other metals that are some- 
times found in the clinical examination 
of feces for lead may be sharply separ- 
ated by the chromate process. For ex- 
ample, manganese, copper, bismuth and 
barium are occasionally found in feces 
—-manganese and copper as a more or 
less normal constituent; bismuth which 
may have been administered medicin- 
ally ; and barium which is often given as 
barium sulphate for the purpose of mak- 
ing X-ray examinations. Manganese 


under certain conditions will give posi- 
tive results with the electrolytic method, 
owing to the separation of manganese 
dioxide at the anode; copper and bis- 
muth will give positive results if the 
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colorimetric sulphide method is used; 
and barium sulphate may separate as in- 
soluble barium sulphate in the lead sul- 
phate method of analysis. In the method 
of analysis outlined below, however, 
lead may be sharply separated from 
these troublesome substances. 

The method adopted in the present 
investigation is first to ash the material 
and to dissolve the ash completely in 
dilute hydrochloric acid. This solution 
is then neutralized, very slightly acidi- 
fied with hydrochloric acid and the lead 
precipitated as lead sulphide. ‘The 
washed precipitate of lead sulphide is 
dissolved in nitric acid, the excess of 
which is neutralized, the solution acidi- 
fied with acetic acid and the lead precip- 
itated as lead chromate by the addition 
of potassium chromate. After thorough 
washing the lead chromate is dissolved 
in dilute hydrochloric acid, an excess of 
potassium iodide added and the free 
iodine formed by interaction with the 
chromic acid titrated with sodium thio- 
sulphate solution. The lead is first pre- 
cipitated as sulphide in order to separate 
it from calcium and iron, both of which 
are often present in large amount in the 
ash. If the attempt is made to precipi- 
tate the lead directly as chromate in the 
original solution, calcium phosphate is 
usually precipitated when the solution 
is boiled, and a slight precipitate of fer- 
ric hydroxide, which often forms, will 
cause high results owing to its adsorp- 
tion of potassium chromate. The pre- 
cipitation of lead as lead sulphide frees 
it from these substances, however, and is 
at the same time both quantitative and 
expeditious. 


EXPERIMENTAL 


[;xperience in the detection of lead 
When present in organic material has 
shown that the first necessary step in the 


process by whatever method the lead is 
to be estimated is the complete destruc- 
tion of the organic substance. This, 
therefore, involves ashing the material 
either at high temperatures or chemical- 
ly. In this investigation considerable 
attention was paid to the question of 
ashing from the point of view of (a) 
rapidity of execution and (J) control of 
lead losses. 


ASHING AND [I}XTRACTION 


Originally all solids or semi-solids 
were dried by baking and then ashed at 
a red heat in electric mufHe furnaces 
without much regard to the degree of 
heat or the length of exposure. Be- 
cause variable results were obtained 
with tissues containing known amounts 
of lead, however, it was found that the 
ashing must be very carefully conducted 
at a temperature well below full red 
heat, otherwise part or all of the lead 
is lost by volatilization. [xcessive and 
prolonged heating may be avoided and 
the ashing much accelerated by extract- 
ing the residue with hydrochloric acid 
and hot water after carbonizing at a 
low red heat. The carbon residue is 
much more easily oxidized after this 
treatment (which removes the greater 
part of the lead and soluble salts) than 
if the attempt is made to burn up all the 
carbon at the first heating. Inorganic 
salts greatly hinder oxidation of the 
carbon and, while their removal appar- 
ently complicates the manipulation 
somewhat, the gain in time more than 
offsets this and is decidedly apparent in 
routine investigations. After all the 
carbon is oxidized, a residue is often 
found which is insoluble in concentrated 
acid or even in alkali, unless boiled in 
the latter for a considerable length of 
time. This residue is not entirely silica; 
most often it is lead phosphate. There- 
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fore, especial pains must be taken to get 
it into solution. Because of its refrac- 
tory behavior toward acids, it is quite 
likely that in certain previous work this 
residue has been mistaken for silica in 
many cases and discarded as such. It 
was found that this residue of lead phos- 
phate is readily soluble in tartaric acid 
upon the addition of a few drops of hy- 
drochloric acid and may be estimated 
by this means. ‘lartaric acid even of 
good quality usually contains lead and 
it should, therefore, be carefully tested 
before use. 

In the case of liquids, such as urine, 
the ashing may be conducted most eas- 
ily by evaporating 2 liters to dryness 
with the addition of a small amount of 
nitric acid. On gentle ignition the 
residue rapidly burns to a pure white 
ash. With small amounts of blood, bile 
or other fluids containing organic mat- 
ter, the carbon may be oxidized by heat- 
ing with a mixture of sulphuric and 
nitric acids in small Kjeldahl flasks. 
While excellent for small amounts of 
fluids, the latter procedure is rather dif- 
ficult to apply to the ashing of tissues. 
l’atty material in particular is difficult 
to oxidize by this method. With tissues 
in general it was found to take much 
longer than direct ashing in the muffle, 
required more attention and was gen- 
erally unsatisfactory. 


Metuop or ANALYSIS 


As stated above, the lead is separated 
as the sulphide in this method and esti- 
mated as the chromate. The following 
procedure is given somewhat in detail, 
because many seemingly trivial points 
are really worthy of careful attention. 
‘Their importance is more apparent when 
it 1s considered that the ratio of lead 
to other inorganic constituents of the 


ash is frequently as 1: 10,000 or more. 


The acid solution containing lead 
and relatively large amounts of calcium, 
phosphates, etc., should be carefully 
neutralized before separating the lead as 
sulphide, since otherwise some loss of 
lead will occur at this point. The most 
satisfactory results are obtained by neu- 
tralizing with sodium hydroxide, using 
methyl orange as an indicator, and 
finally adding just sufficient hydro- 
chloric acid to give a distinct acid re- 
action. Lead may then be quantitatively 
separated by saturating the cold solution 
with hydrogen sulphide. An excess of 
hydrochloric acid should be avoided, 
since incomplete precipitation may oc- 
cur, on account of the slight solubility 
of lead sulphide in the presence of cal- 
cium chloride and hydrochloric acid. 


The precipitate of lead sulphide after 
filtering should be washed with boiled 
distilled water and dissolved in from 
2 to 5 c.c. of concentrated nitric acid. 
In order to precipitate the lead as chro- 
mate, the solution of lead nitrate is 
boiled in order to expel any hydrogen 
sulphide, is neutralized’ with sodium 
hydroxide and acidified with acetic acid, 
an excess of potassium chromate added, 
and the solution boiled. In those cases 
where a very small amount of lead is 
present (0.1 mg. or less), it is advisable 
to allow the solution to stand overnight 
before filtering. The precipitated lead 
chromate should be thoroughly washed 
with warm water in order to remove 
traces of potassium ‘chromate, and 
finally should be washed as completely 
as possible from the filter paper into the 
Hask. The filter paper should then be 
washed with from 2 to 5 cc. of 1:1 
hydrochloric acid followed at once with 
warm water, so as to remove the last 
trace of chromic acid. This avoids the 
error of partial reduction of chromic 
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acid, owing to filtering the solution 
through filter paper (30). The lead 
chromate readily dissolves in the hydro- 
chloric acid, and the lead may be esti- 
mated by adding an excess of potassium 
iodide and titrating the iodine liberated 
by the action of the chromic acid with 
0.005 normal sodium thiosulphate solu- 
tion. The reactions that occur are as 
follows: 


Pb (NO,).+-K.Cr0,= PbCr0i+2KNO, 
2PbCrO,+16HCl1+6KI=— 
2PbCL+2CrCl,+6KC1+31,+-8H,O 
GNa,S.0,+51,—6NaI+3Na.8,0, 


From this it follows that 3 mols of 
sodium thiosulphate are equivalent to 
1 mol of lead chromate, or 1 c.c. of 0.005 
normal sodium thiosulphate solution is 
equivalent to 0.3451 mg. of lead. 

The above method effects a very clean 
separation of lead and at the same time 
permits the estimation of minute 
amounts with the minimum sacrifice of 
time and care in manipulation. Only 
one carefully standardized solution is 
required—the 0.005 normal sodium 
thiosulphate solution. When lead is 
present to the extent of a few tenths of 
a milligram only, the accuracy of the 
estimation may be increased by using a 
small burette graduated in 1/50 c.c. in 
place of the usual burette having 1/10 
c.c. graduations. 

Where there is any question as to the 
identity of the chromate precipitate in 
those cases where it is very small in 
amount (V.05 mg. of Pb, or less), the 
lead is best identified micro-chemically 
as the triple nitrate, K2PbCu(NO:z)«, 
according to the procedure of Behrens 
(31). 

A modification of this method was 
developed in which the amount of lead 
chromate was estimated colorimet- 
rically. Free chromic acid gives an in- 
tense red color with s-dipheny] carbazide 


(32). 
dissolved in hydrochloric acid, 1 c.c. of 
a solution of s-diphenyl carbazide in 
glacial acetic acid added, the whole solu- 
tion diluted to a given volume, and the 
amount of chromic acid determined 
colorimetrically, using as standards both 
an acid solution of lead chromate and a 
solution of pure, re-crystallized potas- 
sium chromate. This method is strictly 
limited to the estimation of very small 
amounts of lead (1 mg. or less) and 
therefore lacks the flexibility of the titra- 
tion method. When applied to the de- 
termination of 10 mg. or more of lead, 
it is far less accurate than the titration 


method (33). 


In order to estimate the degree of ac- 
curacy that could be obtained by the ti- 
tration method, a considerable number 
of direct analyses were made of solutions 
containing accurately weighed amounts 
of pure lead chloride. All the reagents 
used were carefully purified and the 
titre of the sodium thiosulphate solution 
was accurately adjusted by means of 
pure arsenious acid. The arsenious 
oxide used for the latter was carefully 
purified by the method described by 
Chapin (34). The sodium thiosulphate 
solution was prepared with water 
freshly distilled and still warm, and was 
so arranged that air entering the stock 
bottle passed through soda-lime and was 
finally washed with sodium thiosulphate 
solution of the same strength as the 
standard solution. !n this manner car- 
bon dioxide was excluded and the solu- 
tion underwent but little change in titre 
over a period of several months. ‘Table 
1 gives a typical series of results. It 
will be noted that the average absolute 
error of these analyses is 0.02 mg. and 
that the average percentage error is 2.2 
per cent. [his corresponds to the titra- 
tion error, since one drop of the sodium 


The lead chromate was therefore ° ’ 
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thiosulphate solution is equivalent to 
0.02 mg. of lead. 


Several incidental questions were con- 
sidered in the application of this method 
— such as the effect of an excess of po- 
tassium nitrate on precipitated lead 
chromate, the solubility of various lead 
salts (particularly lead phosphate) in 
tartaric acid, and the solubility effect of 











TABLE 1—ACCURACY OF TITRATION METHOD 
Experiment PbCl» Lead Lead Absolute Percentage 
Number — Solution Present Found Error Error 
64. meg. mg. meg. 
l 12.31 1.23 1.20 0.02 1.6 
2 12.58 1.25 1.22 0.03 2.4 
3 8.53 0.85 0.89 0.04 4.7 
4 15.63 1.56 1.52 0.04 2.5 
5 3.68 0.36 0.36 0.00 
6 8.36 0.83 0.84 0.01 1.2 
11.93 1.19 1.18 0.01 0.8 
8 5.08 0.51 0.57 0.06 10.5 
9 5.94 0.59 0.60 0.01 1.7 
10 11.09 1.11 1.09 0.02 1.8 
Ll 8.13 0.81 O.8] 
12 8.10 0.81 0.82 0.01 1.2 
13 8 33 0.83 0.82 0.01 1.2 
14 12.11 1.21 1.19 0.02 1.6 
15 12.45 1.24 1.22 0.02 1.6 


chloride alone, nor to a small amount 
of hydrochloric acid alone, since in each 
case the amount of lead recovered was 
within the average experimental error. 
With 1 c.c. of hydrochloric acid and 5 
gm. of calcium chloride, however, the 
recovery amounted to 86 per cent., while 
with the same amount of calcium chlo- 
ride and 5 c.c. of hydrochloric acid the 
recovery was only 45 per cent. of the 
total amount of lead present. It is 
necessary, therefore, to avoid an excess 
of hydrochloric acid when separating 
the lead as sulphide, for some calcium 
salt will be present invariably in the 
ash from tissues. For this reason the 
solution of the ash in hydrochloric acid 
is first neutralized and then only sufh- 
cient acid added to give a distinct acid 
reaction to methyl orange. 














TABLE 2.—SOLVENT ACTION OF CALCIUM 

















CHLORIDE AND HYDROCHLORIC ACID 
ON LEAD SULPHIDE 

kexperiment Lead Calcium Lead 
Number Present Chloride Acid Found 

me. gm. meg. 

| 1.0 none none 0.95 

2 1.0 | 0.99 

3 1.0 5 0.99 

4 1.0 10 0.96 

5 1.0 15 0.99 

6 1.0 none Lec. FL Es] 0.95 

7 1.0 5 4 c.c. HCl 1:1 0.95 

§ 1.0 5 2 c.c. acetic 0.99 

Y 1.0 5 icc. HCL is] 0.86 
10 1.0 5 Sc.c. HCI 1:1 0.45 

sodium acetate in contact with lead 


chromate. Mertens (35) has noted the 
solvent action of calcium chloride and 
hydrochloric acid on lead sulphide and, 
as this is an important point in connec- 
tion with the quantitative separation of 
lead as the sulphide, the experiments 
contained in Table 2 were made. The 


results show that the slight solubility 
of lead sulphide is not due to calcium 





TABLE 3—SOLUBILITY EFFECT OF POTASSIUM 
NITRATE 
ik xperiment Lead Lead 
Number Condition. of Precipitation Present Found 
meg. me. 
1 hee. HNO, neutralized with 
acidified with AcOH = 2.00 2.08 


KOH, 
S gm. potassium nitrate 
glacia| AcOH 
glacial AcOH 


le 


2.00 
2.00 


1.92 


CH . 
2.05 


©.Ce 


ww 
bo to 








Since an excess of potassium nitrate 
is present during the precipitation of 
lead chromate, an experiment was made 
in order to determine the solubility ef- 
fect of this salt. ‘The results which are 
given in Table 3 indicate that the solu- 
bility of lead chromate is not affected 
by the presence of potassium nitrate. 
The precipitate of lead chromate ob- 
tained in neutral or very slightly acidi- 
fied solutions is usually colloidal in 
character. Potassium nitrate, however, 
alters the physical condition of the pre- 
cipitate by coagulating the suspensoid, 
thus permitting rapid, quantitative fil- 
tration of the lead chromate. 

Sodium acetate in great excess has 
some solvent action on lead chromate. 
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In the ordinary course of procedure a 
small amount of sodium acetate is in- 
variably present. Experiment, however, 
shows that small amounts of sodium 
acetate have a negligible, if any, solu- 


bility effect. (Table 4.) 


TABLE 4.—THE SOLUBILITY EFFECT OF 
SODIUM ACETATE 


error in estimating 0.2 mg. of lead in 
bile was 0.03 mg., while the error in 
estimating 50.0 mg. of lead was only 
0.14 mg., although there was 250 times 
as much lead present as in the former 
case. 


TABLE 5—RECOVERY OF LEAD IN BIOLOGICAL 
MATERIAL 























Experiment Amount of Lead Lead Lead Lead Absolute Percentage 
Number Sodium Acetate Present Found Material Amount Added Found Error Error 
gm. mg. mg. ‘me. . me. a me. ae 
l none 1.00 0.99 Urine 1000 c.c. 1.00 1.03 0.03 +3.0 
2 0.20 1.00 1.02 Urine 1000 c.c. 1.00 1.03 0.03 +3.0 
3 1.00 1.00 1.02 Urine L000 c.c. 2.50 2.58 0.08 +-3.2 
4 2.00 1.00 1.00 Urine 1000 c.c. 2.00 1.92 0.08 —4 0) 
Urine L000 c.c. 2.00 1.92 0.08 —+.0) 
r . , , Liver 103 gm. 2.50 2.58 0.08 +-3.2 
The application of this method of  _{.., 63em. 200° 207 007 +3:5 
analvsis was tested with a variety of Liver 100 gm. 2.00 1.94 ().06 ams 0 
p So. ‘ ' Liver 76 gm. 50.00 49.86 0.14 —().3 
biological material to which known Muscle 3sem. 200 199 O01 —0;5 
amounts of lead had been added, the — . oe — 4 re By 
: » ‘i 211e a Sides & & ‘ . 
material being ashed and analyzed in Bile Sec. 0.20 O17 0.03 —15.0 
, a © ue 9 2 _ 46 
the manner discussed above. The lead P!* acc. 9.20 0.17 = 0.05 b9.0 
Starch 5 gm. 5.00 49] 0.09 —1.8 


recoveries made, together with absolute 
and percentage errors, are given in 
Table 5. 

There are scant data in the literature 
concerning the recovery of very minute 
amounts of lead by analytical means; 
the work of Woudstra probably repre- 
sents the best from a critical point of 
view. Woudstra has compared his col- 
orimetric sulphide method with Kthn’s 
volumetric method (36) in the estima- 
tion of minute amounts of lead in water 
with the results shown in Table 6. 

Even though the recovery of lead 
added to biological material calls for a 
great deal more manipulation than the 
estimation of lead in drinking water, 
the average error in the analyses of Ta- 
ble 5 is 4.4 per cent., while the average 
error in the two methods cited by Woud- 
stra is 14.2 per cent. and 10.1 per cent., 
respectively. It will be noted that the 
absolute error in the results above (Ta- 
ble 5) is more or less constant. That 
is, the error is not proportional to the 
amount of lead determined, and is very 
largely an end point error. Thus, the 


Albumin 4 om. 5.00 5.07 0.07 +-1.4 








TABLE 6—COMPARISON OF VOLUMETRIC 
PROCESS AND COLORIMETRIC PROCESS 
(15, p. 175) 








(COLORIMETRIC PROCESS 





Amount of Percentage Amount of Percentage 
Lead Error Lead Erro1 


mz. mr 





1.0 — 2.0 1.0 —18.0 
1.0 — 10 1.0 — 8.0 
1.0 —31.0 0.9 +11.1 
1.0 —19.0 09 — 3,3 
1.2 —18.3 








SUMMARY 


In this investigation a volumetric 
method of lead analysis has been applied 
to the estimation of minute amounts of 
lead in various kinds of biological ma- 
terial. A number of points regarding 
the proper means of ashing biological 
material, as well as the solubility of lead 
chromate in the presence of various sub- 
stances, have been investigated and the 
sensitivity and accuracy of this method 
have been compared with the sensitivity 
and accuracy of previous methods. 

The writer takes this opportunity to 








oa ee 











18 


THE JOURNAL OF INDUSTRIAL HYGIENE 


express his thanks to Professor Arthur 
B. Lamb for much timely advice and 
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criticism during the course of this in- 
vestigation. 
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SKIN DISEASES COMMONLY SEEN BY THE INDUSTRIAL 


PHYSICIAN* 


EF. LAwreNCE O.iver, M.D. 


Boston, Mass. 


| N the work of the industrial physician 

many skin diseases are certain to be 
encountered. ‘lhe writer has selected 
a few of the more common of these dis- 
eases for consideration in this article, 
namely: 


Furunculosis. 

Acne vulgaris. 

[Impetigo contagiosa. 
Scabies; 

Psoriasis. 

Eczema and dermatitis. 
Ulcers of the leg. 


SIO WM & Ww bo = 


FURUNCULOSIS 


According to Stelwagon, a furuncle, 
or boil, is an acute deep-seated inflam- 
matory, circumscribed, rounded or more 
or less acuminated, firm, painful forma- 
tion, usually terminating in central sup- 
puration and necrosis. The symptoms 
are too well known to be discussed here. 
The immediate cause is the infection of 
a hair follicle or sebaceous gland with 
the staphylococcus aureus. When a 
series of boils occurs, the condition is 
called furunculosis; and such a succes- 
sion of boils often indicates a debilitated 
condition of the system, any possible 
cause of which should be sought. Over- 
work and undernourishment are often 
causative factors. In every case the 
urine should be examined for albumin 
and sugar. 


As to the general treatment of boils 
there is much difference of opinion. 


*Received for publication March 8, 1922. 





Some place great faith in the use of vac- 
cines ; among these are Wright (1), Eng- 
man, Highman (2), and others. The 
writer is of the opinion, however, that 
vaccines are much overrated. Yeast, a 
very ancient remedy for boils, is again in 
vogue, the public recently having been 
educated in this matter by extensive 
newspaper advertising, and it sometimes 
seems to be of value. Iron, arsenic, 
strychnia and manganese are all in use 
in the treatment of furunculosis, and 
probably are all of some value when 
tonic treatment is indicated. 


In the past few years still another in- 
ternal remedy has been used—metallic 
tin and its salt, stannous oxide. It is an 
interesting fact that this new treatment 
was suggested by an industrial condi- 
tion. Grégoire (3) and Frouin (4), two 
I'rench physicians, learned that boils al- 
most never occurred among the tin min- 
ers in France. They also found that the 
tin miners were in the habit of giving 
small amounts of tin ore by mouth to 
members of their families who were suf- 
fering from boils. From this beginning 
Grégoire and Frouin carried on experi- 
ments which convinced them that tin 
and its salts tend to inhibit the growth 
of staphylococcus when mixed with cul- 
ture material in the test tube, and that 
they have a similar effect in the human 
body when ingested in small amounts. 
(Pure metallic tin finely divided: er. ii, 
t.i.d., p.c.; pure stannous oxide: gr. il, 
t.i.d., p.c.) The writer, after several 
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years’ experience along these lines, is in 
agreement with their conclusion. 


In the local treatment of the disease 
extreme cleanliness is important. Fre- 
quent washing with soap and water, fol- 
lowed by the application of the following 
lotion as advised by Bowen (5), is valu- 
able in preventing new lesions by auto- 
inoculation : 


ht 
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Poultices should not be employed ex- 
cept for relief of pain. ‘Their use tends 
to soften the skin, thereby lowering its 
resistance to infection, and favoring the 
appearance of satellite boils. When 
poulticing seems advisable, a mild anti- 
septic ointment, such as 2 per cent. car- 
bolized petrolatum, should be applied to 
the skin before the poultice is placed in 
position. Carbolized ointments should, 
however, never be used on the tingers or 
toes when bandages are to be applied, as 
there is danger of gangrene when this is 
done. 

When the boil “points,” a very small 
incision is usually all that 1s necessary 
or advisable. A sharpened hard wood 
toothpick is often the only instrument 
needed. In the early stages of a boil 
such a toothpick dipped in pure carbolic 
acid may sometimes abort the lesion. 


AcNE VULGARIS 


Acne vulgaris is a disease of the se- 
baceous glands. Its first stage is the 
comedo, or blackhead, plugging the ori- 
fice of the sebaceous duct. This condi- 
tion usually begins at, or shortly before, 
puberty. It is perhaps the generally ac- 
cepted theory that the comedo is caused 
by the acne bacillus which produces a 


hardening of the horny layer of the 
duct itself leading to its stoppage. The 
writer cannot accept this theory, but 
rather believes that the plugging of the 
ducts is due to purely mechanical 
causes. At the age at which comedones 
usually make their first appearance 
there is a rapid increase in the produc- 
tion of sebum coincident with the ad- 
vent of puberty. The rapid increase in 
the size of the sebaceous glands is prob- 
ably much greater in proportion than 
the increase in the size of the ducts. The 
duct may, therefore, be compared to a 
drain pipe through which slowly moves 
a thick fluid. If the amount of material 
poured into such a drain pipe is doubled, 
the pipe is quite likely to become 
plugged up, and we do not have to seek 
further than simple mechanics to ex- 
plain the cause of such a stoppage. 

In the earliest stages of the comedo it 
is an easy matter to express the seba- 
ceous plug; in fact, at this stage scrub- 
bing with soap and water, if practiced 
daily, is usually sufficient to establish 
drainage of the glands. If this drainage 
is established and kept up there is no fur- 
ther development of the disease, and 
acne in later years will be avoided. Un- 
fortunately, the comedo stage occurs at 
just the age when children are most apt 
to be careless about bathing and, there- 
fore, comedones may continue to form. 
A year or two later papules develop, 
each papule representing a sac of re- 
tained sebum, dilating the deeper por- 
tion of the duct. ‘The pressure of this 
retained material probably lowers the 
resistance of the gland to infection, 
and the ever-present acne bacillus and 
staphylococcus albus begin to play their 
parts. The papules begin to change to 
pustules and we have to deal with a full- 
fledged acne. At this stage it is certain 
that rich foods, excess of sugar, consti- 
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pation and intestinal indigestion may 
greatly aggravate the existing acne by 
further lowering the resistance to infec- 
tion, but it is highly improbable that 
they play any part in the original causa- 
tion of acne. Preventive medicine will 
prove a great success in the treatment of 
acne when the disease is seen in its earli- 
est stage, for the establishment of drain- 
oze of the sebaceous glands will invari- 
ably abort the disease. 

Treatment of the later stages of acne 
is much more of a problem; both general 
and local treatment are necessary. The 
general treatment consists of general 
hygiene and treatment directed toward 
the removal of any probable etiologic 
factor. If anemia is present, iron and 
perhaps arsenic may be of value, as may 
also tin and stannous oxide, used as in 
As digestive disturbances 
and constipation are common contribu- 
tory causes, close attention should be 
given to their correction through such 
measures as irrigation of the large intes- 
tine in cases of partial! colonic stasis, 
and abdominal massage and exercises 
for the abdominal muscles. [xcess of 
sweets, especially chocolate, and all in- 
digestible food should be avoided. 

In the local treatment of acne, good 
results are frequently secured by the use 
of stimulating lotions causing irritation 
and, later, desquamation. The follow- 
ing is a much used formula: 


R 
Sulphuris praecipitati 

Spiritus camphorae ........ aa 5 
Aleohol 


Sig.: Shake the bottle and sop on the 
liquid at night after bathing. 


In many cases, hard scrubbing with 
hot water and tinctura saponis viridis 
as a soap is beneficial. Ultraviolet light 
used to produce an artificial sunburn 


with its subsequent desquamation is 
also often of considerable value. Roent- 
gen rays have been used in the treat- 
ment of acne for many years. They are 
almost certain to produce good results 
but their use has been condemned by 
many dermatologists on account of the 
later undesirable changes which they 
are capable of producing, atrophy, tel- 
angiectasis and pigmented spots having 
often resulted in the past. Since the ad- 
vent of the Coolidge tube, it is possible 
to measure the rays with a considerable 
degree of accuracy, and in the hands of 
an expert undesirable changes should 
rarely or never occur. ‘The effect of the 
rays 1s to produce a partial atrophy of 
the sebaceous glands. ‘Their use seems 
entirely justified in severe cases which 
do not respond favorably to the usual 
methods of treatment. 


IMPETIGO CONTAGIOSA 


Impetigo contagiosa is a superficial 
infection of the skin caused by the 
streptococcus, although the staphylo- 
coccus aureus is usually present as a 
secondary invader. The primary lesion 
of the disease is a thin walled vesicle 
which soon ruptures, its seropurulent 
contents drying into a crust, which is 
usually honey yellow in color and has a 
stuck on appearance. It generally cov- 
ers a larger area than the lesion which 
gives rise to it. When the crust is re- 
moved a very superficial erosion be- 
neath is exposed, the serous fluid from 
which is highly autoinoculable. ‘The 
initial lesion may spread peripherally 
by undermining the superficial layer of 
the epidermis or new lesions may con- 
tinue to appear, autoinoculations from 
the infectious seropurulent matter. 

The diagnosis of the disease is usu- 
ally not difficult but the annular forms 
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produced by central healing and peri- 
pheral spreading are often mistaken for 
ringworm. Ringworm, however, almost 
never shows the amount of crusting 
commonly seen in impetigo. Predis- 
posing causes of this disease are pedicu- 
losis, scabies and dirt. It may occur 
on any part of the body but is far more 
frequent on the face, hands and scalp. 

The prognosis is always good except 
in the newborn, in whom the disease 1s 
sometimes rapidly fatal. With appro- 
priate treatment children usually re- 
cover within a week or two, but in 
adults the course is apt to be longer. 

Treatment of impetigo contagiosa 
should be directed toward the preven- 
tion of new lesions and toward the cure 
of those present. The greatest care 
should be taken to prevent the infec- 
tious serum from coming into contact 
with the sound skin. ‘The crusts that 
are not too adherent should be carefully 
removed with soap and water. After 
bathing, the skin should be carefully 
dried, but rubbing with a towel should 
be avoided. A mild antiseptic ointment 
should then be applied, such as: 


hy 
I[vdrargyri ammoniati ....... or, X 


rere rere: > 1 
M. 


Ointments of greater antiseptic strength 
are apt to cause irritation and favor the 
spread of the disease. 


SCABIES 


Scabies is a contagious disease of the 
skin caused by the acarus scabiei. The 
lesions consist of excoriated papules, 
vesicles and pustules. The disease most 
commonly manifests itself on the fin- 
vers, hands, abdomen, anterior axillary 
folds, lower abdomen, thighs and lower 
buttocks. In females, lesions also com- 


monly occur on the breasts; and in 


males, on the penis. The face and scalp, 


except in very young infants, are not 
involved. Besides the lesions mentioned 
above, burrows are often present, usu- 
ally between the fingers or on the palms. 
They are caused by the female acarus 
which makes her way into the horny 
layer to deposit her eggs. These bur- 
rows are ordinarily not over half an inch 
long and as a rule they are seen as tor- 
tuous dotted lines, at one end of which 
may sometimes be observed a gray 
speck at the site of the mite. 

It is a common but erroneous belief 
among physicians in general that the 
symptoms of scabies appear almost im- 
mediately after exposure. As a matter 
of tact it is usually weeks, sometimes 
more than a month after exposure be- 
fore there is any considerable itching, 
and it is often another month before the 
itching is severe enough to cause the pa- 
tient to seek treatment. This is es- 
pecially true in persons of cleanly hab- 
its, for frequent bathing with soap and 
water, while never curative, will result 
in a delayed development of the disease. 

In the diagnosis of the disease, the 
history is often of much importance. In 
many instances when negative answers 
are given as to recent exposures, a defi- 
nite history may be obtained of the pa- 
tient having slept with an itching person 
a month or six weeks before the erup- 
tion began. Burrows should be looked 
for, and when found they are diagnostic. 
Then the history of itching, especially 
at night just after retiring, and, lastly, 
the characteristic distribution of the le- 
sions should make the diagnosis plain. 

Ixternal treatment alone is all that 
is necessary in scabies. Sulphur is the 
principal drug in use. Balsam of Peru 
and beta-naphthol, however, are often 
of value alone or in combination with 





ere cra ae Oe 














sulphur. ‘he following ointment is efh- 
cacious and usually not too irritating in 
adults. 


R 

Sulphuris praecipitati ....... 5 il 
Beta-naphthol ..............01 
Balsami peruviani 

PS See oe as Re eee aa 51 


M. 


It should be applied all over the body 
below the neck on three successive 
nights, after a prolonged hot bath and 
scrubbing with soap. After three nights 
of this treatment the disease is usually 
cured. The sheets, night clothes and 
washable day clothing should then be 
boiled, and the parts of the outer cloth- 
ing coming in contact with the skin 
should be pressed with a hot iron. 

Before treating a patient with scabies 
careful inquiry should be made as to 
other members of the family, for often 
the entire family will be found to be in 
need of treatment. If the patient sleeps 
with another person, this person should 
always be treated whether or not symp- 
toms of the disease are manifest. 

After three nights’ treatment as out- 
lined above, the patient may still com- 
plain of itching. ‘This itching is due to 
irritation of the skin from the ointment 
and may be relieved by antipruritic 
washes or starch baths. If there is to be 
a relapse of scabies or a reinfection, it 
probably will not occur for several 
weeks; in any case, a repetition of the 
treatment for scabies is not advisable 
until at least three weeks have elapsed 
since the previous three day course of 
treatment, on account of the danger of 
producing severe dermatitis. 


PsorIAsIS 


This disease is a scaling dermatosis 
usually chronic. As a rule it first shows 
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itself in youth or in early adult life, 
though it may begin at any age. The 
primary lesions are tiny red papules sur- 
mounted by silvery scales. ‘These le- 
sions May increase in size and number 
until they are scattered over a large 
part of the body, or they may remain 
limited to a few areas, such as the re- 
gion of the elbows and knees which are 
favorite locations for the disease. The 
scalp also is a common site. 

Psoriasis when widely distributed 
may resemble a scaling papular syphi- 
lide, but the scales of the latter rarely 
have the silvery appearance of psoriatic 
scales. Other signs pointing to syphi- 
lis, constitutional symptoms, mucous 
patches, condylomata, history of a 
chancre, etc., should be carefully looked 
for in doubtful cases, and a Wasser- 
mann test should be done. 

The etiology of psoriasis is a mystery. 
There are two main theories: one, that 
it is infectious; the other, that it is 
caused by a disturbance of nitrogen 
metabolism. 

The treatment of the disease consists 
of regulation of diet, internal adminis- 
tration of drugs, and external measures. 
Dietary restriction of proteids which is 
in great favor with some authorities, 
notably Schamberg, is of doubtful value. 
It is true that starvation often tends to 
clear up the lesions, but permanent 
benefit is seldom obtained. Acute ill- 
nesses with fever of more than a week’s 
duration also cause temporary improve- 
ment as does severe hemorrhage, but 
the induction of these conditions is not 
advisable in treatment. 

A simple nutritious diet should be ad- 
vocated. Alcohol should be forbidden. 
As to drugs, arsenic is usually placed 
first. It is only of occasional value, 
however, and more often has no effect 
on the disease. Externally, perhaps the 
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most valuable drug is chrysarobin, but 
it is not always well tolerated, and der- 
matitis from its use is frequent. Oint- 
ments of from 2 to 3 per cent. chrysaro- 
bin often give better results than those 
of higher percentage. One disadvantage 
in the use of chrysarobin is the fact that 
its stains on clothing cannot be re- 
moved. Moreover, it stains blond or 
white hair and is, therefore, rarely used 
on the scalp. It is also wise to advise 
against its use on the face as it is likely 
to produce conjunctivitis. Sulphur, 
salicylic acid and oil of cade are also 
useful in psoriasis. A combination of 
the three, as in the following prescrip- 
tion, is often effective. 


I 

Sulphuris praecipitati 

Olei eadini 

Acidi salieyliei ............ ii OSS 
ne 51 


M. 


lor the face and scalp the following 
ointment is useful in many instances. 


It 
Ifvdrargvri ammoniati ........ OSS 
ao aS ere 4 


M. 


Daily warm baths should be prescribed 
to assist in removing the scales. 

3yv these various measures the lesions 
of psoriasis often disappear, but unfor- 
tunately there is no assurance of perma- 
nent cure, for relapses are the rule 
rather than the exception. 


ikcZzEMA AND DERMATITIS 


I’czema is an exudative inflammatory 
disease of the skin characterized by red- 
ness, papules, vesicles or pustules, fol- 
lowed by oozing, crusting or scaling. 
Iczema may be acute or chronic. It 
has been subdivided by numerous 
authors into innumerable varieties. The 


two main theories as to its cause are 
diametrically opposed: The French 
School believes eczema to be of internal 
origin, while the German School (the 
theory of Hebra) believes it to be of ex- 
ternal origin. The truth probably lies 
halfway between—1z.e., that some cases 
of eczema are of internal origin, and still 
others are of external origin, and still 
others are due to a combination of the 
two. If we accept the latter idea we 
include dermatitis in the term eczema, 
or vice versa, so that the two words be- 
come synonymous. According to High- 
man, “The chief reason for separating 
the two [referring to dermatitis and 
eczema | is the fact that in dermatitis a 
recognized excitant exists not invariably 
demonstrable in eczema.” In another 
paragraph he states, ““hey [eczema and 
dermatitis] are however identical clini- 
cally and microscopically.” In his clas- 
sification, therefore, he considers ec- 
zema and dermatitis as one and the 
same disease. He prefers the word der- 
matitis, and divides the disease into der- 
matitis from external causes and der- 
matitis from internal causes. This point 
of view certainly makes the subject seem 
more understandable to most of us. 


The most constant symptom of ec- 
zema is itching. here may also be a 
burning sensation. There may be 
oozing from ruptured vesicles, crusts 
formed by the drying of serous or puru- 
lent exudate, or there may be scales 
formed of desquamating epithelium. 
After continued scratching infiltration 
occurs, and the skin becomes leathery 
both to sight and to touch. Eczema 
may affect the skin in any or every part 
of the body. Its course varies greatly, 
depending largely on its cause. Cases 
originating from external irritants usu- 
ally clear up when the cause is removed, 
but a sensitization often follows that 
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may preclude further handling of the 
causative irritant with impunity. 

Occupational dermatitis, or profes- 
sional eczema, is commonly confined to 
the hands, and is often seen in factory 
workers, nurses, doctors, and dentists. 
Lane (6) has recently described a der- 
matitis in dentists caused by solutions 
of novocain coming in contact with the 
skin. Indeed, in many trades derma- 
titis of the hands is apt to occur. Physi- 
cal conditions at the place of employ- 
ment may increase the susceptibility to 
dermatitis. ‘The writer recalls the case 
of a cement worker who had been en- 
gaged at his trade for fifteen years with- 
out skin trouble, when he was put to 
work cementing the walls of an elevator 
well. His work was begun at the bot- 
tom of the well, 30 feet below the sur- 
face level. It was winter, the building 
under construction was unheated, and 
the air in the well was cold and damp. 
The second day at this work he acquired 
a severe dermatitis which kept him from 
work for many months. [Excessive 
sweating also often makes the skin more 
sensitive to irritants; for example, when 
the skin 1s sweating freely, poisoning by 
poison ivy (rhus toxicodendron) is 
much more likely to occur. 

In the treatment of dermatitis, any 
probable cause should, if possible, be re- 
moved. If the disease is acute, moist 
dressings may be employed, such as 
boric acid solutions, or drying, soothing 
washes, such as the following: 


R 
Aeidi earboliei ............. SS 
ZINC] OXIdi ........ ccc cccee % Ss 


or pastes, such as that of Lassar: 
It 
Zinei oxidi 
Amyli maidis 
Petrolati aa 35 Ss 


lla dada dub 


may be employed. ‘The best rule is to 
use only the mildest remedies in acute 
cases. In chronic scaling cases without 
much redness, and especially where 
there is much thickening of the horny 
layer, stronger applications may be 
used such as oil of cade, sulphur, sali- 
cvlic acid, resorcin, and even chrysa- 
robin. It is always best, however, to 
work up gradually to the stronger mix- 
tures. In chronic cases ultraviolet light 
and X-rays are often of great value. 


ULcERS OF THE LEG 


Leg ulcers are common in all surgical 
clinics. ‘The so-called “varicose ulcer” 
is the most common variety but the pos- 
sibility of other causes than varicose 
veins should always be borne in mind, 
for ulcers of the leg due to late syphilis 
are not uncommon and may occur in 
association with varicosities. As a rule 
syphilitic ulcers occur higher up the leg 
than varicose ulcers. l*urthermore, ul- 
cers due to late syphilis have a punched 
out appearance and a history of rather 
more rapid necrosis than is usual in the 
varicose variety. 

The immediate cause of varicose ul- 
cers is usually trauma. ‘The trauma 
may be very slight; a scratched mos- 
quito bite may be the starting point of 
a large chronic ulcer. Spontaneous or 
traumatic rupture of a varicose vein 1s 
not an infrequent beginning of a leg 
ulcer. ‘The chronicity of leg ulcers 1s 
usually due to faulty circulation which, 
in turn, is generally due to dilated veins 
and edema. In growing children with- 
out varicosities we sometimes find the 
hands, feet and legs blue and cold to 
the touch. In these children ulcers of 
the leg are apt to result from slight 
trauma, which are sometimes as obsti- 
nate as an old chronic varicose ulcer. 
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Here, too, it is sluggish circulation 
which makes healing difficult, for al- 
though varicosities may be absent the 
functional vasomotor disorder leading 
to poor peripheral circulation may lead 
to obstinate leg ulcers. 

Leg ulcers cannot all be treated alike 
with success, and much judgment 1s, 
therefore, often required in the choice 
of treatment. Some persons are bene- 
fited by the application of a 5 per cent. 
Scharlach R ointment, while others with 
sensitive skins or a tendency to eczema 
will be made worse by it. If the patient 
is able and willing to go to bed or give 
up work and keep the leg up most of the 
time, it is often advisable for him to do 
so, as healing will almost always be 
hastened; on the other hand, if a leg 
ulcer can be healed with the patient on 
his feet, it is more likely to stay healed. 

To put the ulcer in the best condition 
for healing, the ulcer itself should be 
kept clean, edema of the leg should be 
combatted by bandaging or by keeping 
the leg raised, or both, the circulation 
should be promoted, and_ epithelial 
growth should be stimulated. Many 
methods are in use for keeping the ulcer 
clean. Here, also, it is difficult to gen- 
eralize for while peroxide may do well 
in some cases, it May prove irritating in 
others. ‘The same is true of boric acid 
solutions. If Dakin’s solution is used, 
the skin should be carefully protected; 
otherwise much irritation is likely to 
occur. boric acid ointments, black 
wash, Balsam of Peru in oil or oint- 
ment, Scharlach R in ointment, and 
L.assar’s paste may all at times be used 
to advantage. Whatever method of 
treatment is used, bandages or elastic 
stockings should be worn whenever the 
patient is on his feet. 

In recent years sunlight treatment for 
ulcers has been used with much benefit. 





Its good effects are probably due to 
stimulation of the local circulation by 
the solar rays. If natural sunlight is to 
produce the best results, the ulcer must 
be exposed to the sun many hours a day. 
To save much time or to take the place 
of sunlight ultraviolet light may be used. 
It is extraordinary how quickly many 
foul, dirty ulcers may be converted into 
red, healthy granulations by the use of 
ultraviolet light. A few minutes’ ex- 
posure of the ulcer and surrounding 
skin gives rise to a “sunburn,” which 
appears the next day. This sunburn 
means active hyperemia, in other words, 
an increased flow of arterial blood to 
the skin about the ulcer, and it must be 
eranted that such a condition combats 
infection and_ stimulates’ epithelial 
growth. 

It is occasionally advisable to skin 
graft ulcers of the leg. In such cases a 
few exposures of the ulcer to ultraviolet 
light will often prove of the greatest help 
in preparing the field for the operation. 
Foote (7) states that “The leg of an un- 
healthy or aged person is a most unfav- 
orable site for skin grafting. Sometimes 
the grafts will not attach themselves, 
sometimes they atrophy for lack of nu- 
triment while the patient is still in bed.” 
These statements are undoubtedly true, 
but if the area to be grafted were given 
three or four exposures to ultraviolet 
light in proper dosage, the writer feels 
sure that failures in skin grafting would 
be far less frequent even in the aged or 
debilitated. 

After a leg ulcer is healed, the ques- 
tion of the advisability of an operation 
for varicose veins arises. Much good 


may be accomplished by operation in 
suitable cases, but the selection of these 
cases requires a considerable amount of 
experience and judgment. If the valves 
of the internal veins are incompetent the 
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best results cannot be looked for from 


an operation. 


If an operation is not 


advisable the patient should be instruct- 
| ed to wear an elastic stocking or leg 
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bandage constantly during the day and 
never to be on his feet without such 
support. 
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EXPERIMENTAL OBSERVATIONS UPON THE RELATION BETWEEN 
ATMOSPHERIC CONDITIONS AND THE PRODUCTION 
OF FATIGUE IN MINE LABORERS* 


A. J. Orenstein, C.M.G., M.D., M.R.CS. 
and 


H. J. IrRevanp, M.B.E., B.Sc., A.M.I.C.E. 


Toh annesbu rg 


| NTRODUCTORY 

‘Tl’ has long been known that oppres- 

sive atmospheric conditions have a 
prejudicial effect on the output of work 
and the health of the workers sub- 
jected to such conditions, but until com- 
paratively recently there has been a 
decided lack of definite information with 
regard to the casual factors 1n good or 
bad air conditions, and consequently a 
lack of adequate standards of good con- 
ditions. 

Dr. Leonard Hill, the eminent physi- 
ologist, as a result of his classical re- 
searches, has disproved the validity of 
many of the accepted ideas and estab- 
lished new standards of ventilation. 
Several years ago, some of the results 
of Dr. Hill’s researches were brought to 
the notice of one of us (A.J.0O.), who 
procured the necessary instruments and 
had a series of readings taken in various 
parts of the Rand Mines, to determine 
how the conditions there compared with 
ideal conditions and also, to some ex- 
tent, how these conditions affected the 
workers physiologically. Readings of 
the cooling power of the air were taken 


by the kata-thermometer (an instru- 
* Published by permission of the 

the Transvaal Chamber of Mines. 

publication July 27, 1921. 
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ment designed and introduced by Dr. 
Hill), and of the temperature by wet 
and dry bulb thermometer; also skin 
temperature and loss of weight of the 
workers were recorded, and general ob- 
servations were made as to the effect 
produced by the conditions in the vari- 
ous parts of the mines. 

These investigations furnished a great 
deal of useful information but it was 
felt that it was of the utmost importance 
to make further investigations, particu- 
larly with regard to the effects of atmos- 
pheric conditions on “output of work” 
and on the fatigue produced in the work- 
ers. In 1919 the second subscribed 
(H. J. I.), Testing and Investigating 
Engineer of H.M. Office of Works, Lon- 
don, who had had considerable experi- 
ence in ventilation problems and had 
made some study of fatigue and other 
physiological effects of atmospheric con- 
ditions, was out in this country on work 
for the Union Government, and it was 
considered that if his services could be 
obtained for the investigation proposed 
it would be a good opportunity to have 
it carried out. The proposal was made 
to the Chamber of Mines and agreed to, 
and a committee was elected to advise 
on and control the investigation. Mr. 
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P. Hendry was selected from the Engi- 
neering Department, Central Mining & 
Investment Corporation, Ltd., to collab- 
orate in the work, which was begun on 


January 1, 1920. 


The aspects of the problem intended 
to be investigated were as follows: 


1. Influence on fatigue of atmospherie 
conditions. 

2. Influence on fatigue of short. rest 
periods. 

3. Influence of midday meal. 

4. Influence of posture on fatigue. 
Also, if time permitted, 

5. Relation of dust content to fatigue. 

6. Relation of CO, content to fatigue. 

7. Hospital records of selected classes of 
workers in various occupations and under 
various conditions of work (if possible). 


It was thought that after apparatus 
had been designed and obtained, six 
months would be ample time to carry 
out tests, which, though by no means 
exhaustive, would furnish sufficient in- 
formation to enable estimates to be 
made with regard to loss of output due 
to bad conditions, and with regard to 
the effect of poor working conditions on 
the health of the workers. 

The investigation was fraught with 
difficulties, since the investigation of fa- 
tigue is, with the best conditions, a 
somewhat difficult matter. Up to the 
present time, fatigue tests have been 
chiefly carried out in the laboratory on 
intelligent subjects; whereas, in this 
case, the subjects were natives and the 
apparatus had to be capable of with- 
standing the rough conditions of the 
mines, and of registering, as nearly as 
possible, normal mining work. 


A good deal of preliminary experi- 
menting was required before satisfactory 
apparatus was decided on, and a much 
longer time than was anticipated was 
occupied in constructing the apparatus. 
Shortly after the tests were begun, Mr. 
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Hendry was recalled to the Engineering 
Department to take up an important 
post, and a man entirely new to the work 
(Mr. R. Huntley-Smith, B.Sc., F.G.S.) 
had to be instructed in the principles of 
the investigation and the use of the ap- 
paratus. A great many unforeseen difh- 
culties arose during the tests, such as ac- 
cidents to apparatus, which occasioned 
the loss of valuable time, with the result 
that only part of what the investigators 
set out to do has been accomplished, and 
has occupied a much longer time than 
was anticipated. The tests have, how- 
ever, afforded much useful and interest- 
ing information, and it is hoped that 
they will provide a basis for estimates 
of eficiency and a guide to the working 
conditions to be aimed at. More par- 
ticularly it is hoped that the results 
achieved will be accepted as warranting 
further, more inclusive and more de- 
tailed research on similar lines. 


Besides giving the facts established by 
the investigation, the investigators have 
included in this report some of the re- 
sults of other investigations, such as 
those on the general questions of fatigue 
and ventilation, and have also included 
possible facts indicated, though not act- 
ually demonstrated, by the tests; other- 
wise the report would lose much of its 
significance.* 


*The investigators are much indebted to Mr. 
J. Whitehouse, Manager of the Village Deep Mine, 
for permission to carry out the tests in that mine, 


for lending the native subjects. and = for pro- 
viding the necessary facilities for the tests, and to 
various members of his staff for their kind assist 


ance in constructing and repairing parts of ap- 
paratus, ete.: to Professor J. Orr of the Engineer- 
ing Department of the University. for allowing 
the use of his workshop and machine tools for the 
construction and testing of some of the apparatus: 
to Messrs. Reunert & Lenz for the loan of a fan 
with water-motor: to Mr. P. Hendry. B. Se., Chief 
Draughtsman, Central Mining. for his help in the 
design. construction and adjusting of the apparatus 
in general, and especially for his work in connec- 
tion with the hammer ergometer with regard to 
which we consider it justifiable to lay claim to 
originality of design and adaptation: to Mr. A 
Gordon. Chief Sanitary Inspector. Rand Mines. 
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To enable those, who have not studied 
the problems of fatigue and the physio- 
logical aspects of ventilation, to appre- 
ciate the results of the investigation, it 
will be better at this stage to discuss 
briefly the fundamental principles of 
these subjects. 


(SENERAL PRINCIPLES OF FATIGUE 


When a muscle or group of muscles, 
such as the flexor muscles of the fore- 
arm or fingers, are repeatedly contracted 
against sufhcient resistance with certain 
rapidity, there soon comes a time when 
not only has the amplitude of motion 
been considerably diminished, but any 
further movement whatever becomes 
impossible; that group of muscles has 
been “fatigued to exhaustion” and will 
take considerable time to recover. This 
process takes place whether the muscu- 
lar contraction is actuated by the will or 
is stimulated by the repeated application 
of an electric current to the nerves con- 
trolling the group of muscles. 

Many investigators have contributed 
to the sum of knowledge on fatigue, but 
the one who stands out pre-eminently 
as having done most to investigate hu- 
man fatigue is Professor Mosso of Turin 
University, whose researches, with those 
of his followers, have shed a flood of 
light on this complex problem and have 
established most of its fundamental 
laws. His work has been supplemented 
by others, chiefly with regard to the bio- 
chemic processes, and 1n recent vears by 


Ltd., for valuable help in preparation of illustra- 
tions. diagrams, ete.. in the taking of general 
kata-thermometer readings. and for useful infor- 
mation and suggestions gained in 


his experience 


of previous tests of atmospheric conditions in sev 
eral of the Rand Mines: and lastiv. but not least. 
to Professor Leonard Hill, F.R.S.. who has freely 
given information and literature on the physi- 
ological aspects of the problem. whose researches 
form the basis of this investigation. and whose 
instrument. the kata-thermometer, has made pos- 
sible the exact measurement of atmospheric 


conditions 





many investigators in the field of indus- 
trial fatigue. 

Muscular activity is a biochemic pro- 
cess, a form of combustion, in which the 
energy-giving material, called glycogen, 
is oxidized in the muscles, forming sar- 
colactic acid and carbon dioxide. The 
glycogen is a form of sugar derived from 
the dextrose of the blood and elaborated 
by and stored in the muscles. The liver 
also has the faculty of secreting and stor- 
ing considerable amounts of glycogen 
which can be used as an emergency store 
when the muscle supply is exhausted. 
The sarcolactic acid formed during mus- 
cular action, and probably other chemi- 
cal products, have a toxic effect on the 
controlling nerve endings, thus inhibit- 
ing further action. The process of fa- 
tigue, then, is twofold: (1) the con- 
sumption of the energizing material; 
and (2) the production of waste prod- 
ucts and toxins paralyzing the nerve 
control. 

So far, we have very briefly dealt with 
local fatigue, the process of recovery 
from which is the renewal from the blood 
stream of the glycogen in the muscle, 
and the washing away by the blood 
stream of the toxic and waste products 
As muscular action proceeds, the blood 
stream, as it washes away the toxic prod- 
ucts, becomes less and less capable of 
absorbing more, until finally there re- 
sults a condition of general fatigue in 
which every muscle of the body is af- 
fected. This principle was made use of 
by Mosso to estimate general fatigue 
by the ergograph. If fatigue products 
are produced at such an extreme rate 
that the blood becomes surcharged, 
death may ensue, and instances are 
known of runners and hunted animals 
dropping dead through sheer excess of 
fatigue toxins in the blood, inhibiting 
the action of the muscles of the heart, 
and thus causing death. 


: 
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In the use of the ergograph a small 
group of muscles, let us say, for exam- 
ple, those flexing the middle finger, are 
made to contract, lifting a weight or ex- 
tending a spring, the other fingers and 
the wrist being fixed to confine the 
movement to the one finger; the con- 
tractions proceed at a predetermined 
rate until no further movement is pos- 
sible, a record of the movements being 
traced on a smoked cylinder or roll of 
paper. The curve joining the upper 
limits of a fatigue tracing may be called 
the “curve of fatigue,” and the degree 
of general fatigue at any time may be 
estimated by comparing the _ records 
taken when the body is fresh, and after 
work is performed. ‘he amount of gen- 
eral fatigue produced in taking the erg- 
ograph record is usually so small as to 
be negligible. 


The recovery from a condition of gen- 
eral fatigue is a process requiring sev- 
eral hours of rest and sleep, during 
which mental consciousness and the 
greater part of the muscular activity of 
the body are suspended, respiration and 
the heart’s action are slower, and the 
vital energy of the body controlled, per- 
haps, by the subconscious mind, is di- 
rected to the elimination of waste prod- 
ucts from the tissues to the blood 
stream and from there to the organs of 
excretion, to the rebuilding of wasted 
tissue and the re-storage of energy-giv- 
ing constituents. If the period of rest 
and sleep is adequate, the production of 
fatigue products is balanced by the 
elimination, and the body is capable of 
starting afresh to perform good work; 
but if not, the results of fatigue are 
partly carried over to the next day, and 
it work is repeatedly followed by inade- 
quate rest and recovery, an accumula- 
tion of fatigue products is produced in 
the body, the tissues and muscles are 
never properly cleansed, the individual 
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becomes chronically tired and inefficient 
and will ultimately show definite patho- 
logical symptoms. 

In some instances fatigue seems to 
be greatest in the morning after rest and 
to diminish as the day goes on. ‘This 
occurs 1n the healthy person when there 
has been especially heavy and prolonged 
exertion on the previous day. It may, in 
some cases, be due to interrupted rest, 
the process of elimination of waste prod- 
ucts being interrupted when in full 
swing. In certain instances it may be 
due to the accumulation of bacterial or 
other toxins interfering with the normal 
process of elimination and leaving a 
residuum of waste products always in 
the tissues or blood stream. ‘These con- 
ditions, however, are neither normal nor 
ordinarily met with, but mention is 
made of them as they seem to occur in 
a few instances in the tests. 


The results of over-fatigue are well 
known. Some of these are: lassitude, 
loss of mental alertness, craving for 
stimulants, decreased resistance to dis- 
ease, increased liability to “chill,” nerv- 
ous irritability and discontent, and, as 
shown later, an enormous lowering of 
eficiency in the performance of work. 
A great deal of the labor unrest as well 
as the high morbidity in munition work- 
ers in England during the first years 
of the war was attributed by those who 
investigated the matter to cumulative 
fatigue consequent on long hours of 
strain and labor, overtime, night work 
and Sunday work, the rest period being 
decidedly inadequate (1). Greater out- 
put was effected when these defects were 
remedied. 

One of the most important facts es- 
tablished by fatigue tests is that, after 
fatigue has set in, physical efficiency 
falls off enormously, or, in other words, 
the physical and nervous energy ex- 
pended in performing a certain amount 
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of work is enormously increased. This 
applies both to local and general fatigue. 
After general fatigue is well advanced, 
work of any kind is carried on at a 
ruinous expenditure of energy, sapping 
the sources of vital energy and using up 
reserve forces. 

There are three classes of fatigue 
with which we have to deal: (1) where 
a group of muscles is rapidly fatigued 
to exhaustion in a few minutes; (2) 
where a certain degree of fatigue is pro- 
duced both locally in the muscles and 
generally in the body after several hours 
of work; and (3) where muscular action 
is such that the rate of fatigue produc- 
tion is balanced by the rate of recovery, 
and muscular activity could be contin- 
ued indefinitely but for the ultimate 
production of general fatigue. The first 
class is very rarely met with in indus- 
trial conditions, but occurs, of course, 
in ergograph tests. General industrial 
conditions usually fall into classes (2) 
and (3), and the problem is to arrange 
hours and conditions of labor so as to 
get the best efficiency from the worker 
—that is, to get the greatest output with 
the minimum of fatigue. 


There are many contributory factors 
in fatigue, some of which play a very 
important part. Special mention should 
be made of the influence of excessive 
heat, which accelerates considerably both 
local and general fatigue. If the arm is 
immersed in water of a temperature 
several degrees above that of the body, 
fatigue of the muscles is more quickly 
produced than in normal conditions. 
This is due, for the most part, to the 
diversion of the blood stream to the 
cutaneous vessels, the muscles being left 
with insufficient means of nourishment 
and of being cleansed from waste prod- 
ucts. It may also be due to the direct 
effect of heat on the chemical processes. 
A similar effect is produced by heat on 


the body generally—a subject which 
will be dealt with more fully when the 
physiological effects of excessive heat 
are considered. Other contributory fac- 
tors in fatigue are: mental influences, 
such as fear and worry—which seem to 
have a decidedly prejudicial effect on 
the elimination of toxins—also lack of 
interest and pleasure in one’s work; 
presence of bacterial and other toxins 
due to errors in diet, constipation, dis- 
ease, etc.; deficiency of essential food 
elements, such as, for instance, the or- 
ganic salts and vitamines. In short, 
anything which impairs the general 
health will make the production of 
fatigue more easy. 

We have not dealt with the problem 
of “‘nervous fatigue” as this does not 
arise to any great extent in connection 
with native labor on the mines; but 
though the processes are, no doubt, dif- 
ferent from those of physical fatigue, 
the same general laws apply to a great 
extent. 

Some interesting experiments were 
conducted during the war on the effects 
of small quantities of alcohol on fatigue 
and output of munition workers. ‘The 
conclusions arrived at indicated that 
the output was not appreciably affected 
either way (2.) 


Output oF WorK 


In producing a given amount of 
fatigue a number of factors may be 
involved, which will have varying effects 
upon the output of work. Or, con- 
versely, for a given amount of work 
done, these factors will influence the de- 
gree of fatigue produced. Proper tech- 
nic or elimination of waste motion may 
raise physical efficiency enormously. 
This is very marked in such work as 
that of using a hammer and jumper in 
drilling holes in the rock. 
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The medical officer of one of the large 
National Shell Filling Factories in Eng- 
land told one of us (H.J.I.) that he 
observed that in the process of “hand- 
stemming” shells with amatol—an op- 
eration performed with a wooden stem- 
mer or ram and mallet—men who had 
been accustomed to the use of a mallet 
and chisel, such as stonemasons, got 
through much more work with less fa- 
tigue than others without previous 
training. 

Proper and comfortable position of 
the body is another factor in output, as 
the body in an awkward position is kept 
constantly at work contracting unneces- 
sary muscles, thus producing more 
fatigue and also spoiling the exactitude 
and effectiveness of the working move- 
ments. 

A very important factor in perform- 
ing work is what may be called “‘opti- 
mum effort and speed.” ‘To illustrate 
this, let us consider the performance of 
1,000 foot-pounds of work per minute 
(1) by raising 200 pounds a distance of 
6 inches, 10 times per minute, or (2) 
20 pounds 2 feet, 25 times per minute, 
or (3) 2 pounds 2™% feet, 200 times per 
minute. Though the rate of doing 
work is the same in each case, methods 
(1) and (3) will tire a man much more 
quickly than method (2)—(1) by ex- 
cessive effort, (3) by excessive speed. 
Between these extremes there will be 
an “optimum effort and speed” some- 
where about that given in (2). This 
factor is taken into account in the de- 
sign and use of one of the ergometers. 
Another everyday illustration of this 
principle is the gain of human efficiency 
in the use of variable speed gear over 
single gear in a bicycle. 


PyuystotocicaAL Aspects OF VEN- 
TILATION 


As mentioned in the introduction, it 


is only within recent years that physi- 
ologists have given to us definite infor- 


mation regarding the factors in healthy 


atmospheric conditions. Dr. J. S. Hal- 
dane, of Oxford, has done an immense 
amount of brilliant pioneer work in 
connection with the physiology of res- 
piration. His investigations into at- 
mospheric conditions in mines and else- 
where, his careful recording and classi- 
fication of the physiological phenomena 
connected therewith, the results of his 
painstaking investigations of the effects 
of such poisons as carbon monoxide and 
by-products of explosives, and of the 
effects of various kinds of dust, the at- 
tention which he has called to the im- 
portance of humidity and _ wet-bulb 
temperatures, etc., have given informa- 
tion of inestimable value to the mining 
industry. 

Dr. Leonard Hill, I.R.S., has ap- 
proached the subject of atmospheric 
conditions from a somewhat different 
standpoint. He has given more atten- 
tion to the physical, as well as the physi- 
ological, aspects of the atmospheric con- 
ditions met with in everyday life, to 
the probing to the root such causal fac- 
tors as those which make air “bracing” 
or otherwise, to the establishing of defi- 
nite quantitative values to these factors, 
to the setting on foot a propaganda con- 
troverting misconceptions and wrong 
standards held by ventilating engineers, 
and to the inventing and designing of 
an instrument—the kata-thermometer 
—to enable ventilating engineers to de- 
termine atmospheric conditions with 
ease and with a fair degree of exactitude. 

The term “fresh air” has long been 
associated with chemical purity, sufh- 
ciency of oxygen, and freedom from 
respired products, such as excess of car- 
bon dioxide, and supposed organic 
toxins. Ventilation rules and govern- 
ment regulations are still commonly 








OE CT a NTE. 





ee OR Se 
7 . 





Ae A EO ca 





EE 














36 THE JOURNAL OF INDUSTRIAL HYGIENE 


based on this conception or, rather, mis- 
conception. For example, the carbon 
dioxide content of outside air varies be- 
tween, let us say, 3.5 and 4.5 parts in 
10,000, and some ventilation rules state 
that the supply of fresh air to a building 
should be such as to keep the carbon 
dioxide content of the inside air not 
more than 5 parts in 10,000 in excess of 
that of outside air; the government 
regulation, that the carbon dioxide con- 
tent of air in the gold mines must not 
exceed (0.2 per cent., seems to be based 
on the idea that carbon dioxide exceed- 
ing this amount is either a poison in 
itself or an indication of the presence of 
other poisons. Dr. Hill has shown that 
these conceptions of “freshness” are 
quite fallacious. With his collaborators, 
Dr. Martin Flack and the late O. W. 
Griffith, he has collected, confirmed by 
experiment, and synthesized many of 
the results of previous research; more- 
over, he has extended these researches 
considerably along lines of his own, par- 
ticularly with regard to the effect of 
open air, exercise and rest on the res- 
piratory metabolism. 

In one class of his experiments Dr. 
Hill had seven or eight students shut in 
an air-tight chamber of about 3 cubic 
meters’ capacity, which was provided 
with a large observation window, with 
electric fans for putting the air in mo- 
tion, and with means of varying the 
temperature and humidity of the air. 
On one occasion the students were con- 
fined there till the carbon dioxide con- 
tent had reached from 3 to 4 per cent., 
and the oxygen content had fallen from 
the normal (about 20 per cent.) to 16 
or 17 per cent., the air failing to support 
the combustion of matches which the 
students struck in vain attempts to 
light cigarettes. The wet bulb had risen 
to about 83° F., and the dry bulb was 
slightly higher. The discomfort of the 





students was considerable, their faces 
flushed, their pulse rate high, and their 
skin and clothes moist with sweat. The 
starting of the fans gave immediate re- 
lief and lowered the average pulse rate 
from 97 to 79 per minute, though no 
fresh air from outside was admitted, the 
fans merely setting in motion the air 
in the chamber. When the fans were 
stopped, the students begged to have 
them started again. Breathing fresh air 
from outside through tubes gave no ap- 
preciable relief, and persons outside 
breathing the vitiated air of the chamber 
experienced no discomfort. The sudden 
introduction, from a bag, of carbon di- 
oxide up to 2 per cent. was not discerned 
by the inmates of the chamber. 


In another class of experiments, 
guinea-pigs were confined for several 
weeks in a box through which the ex- 
haled air of rats was passed. They were 
afterwards inoculated with blood serum 
from the rats but showed no signs of 
anaphylactic shock, thus demonstrating 
that breathing the exhaled air of rats 
had not sensitized them to rat serum. 
The guinea-pigs, which were again inoc- 
ulated after the lapse of another three 
weeks or so, rolled over and died, show- 
ing that the first inoculation had sensi- 
tized them. Dr. Hill rightly reasons 
from this that there cannot be any tox- 
ins of a protein nature in exhaled air. 

After the introduction of the kata- 
thermometer to measure the cooling 
power of the air, many interesting ex- 
periments were carried out on the res- 
piratory metabolism, or the interchange 
of oxygen and carbon dioxide, in atmos- 
pheres of different cooling power, and 
under varying conditions of rest and 
exercise. The subjects of the tests 


breathed through the mouth into light 
bags arranged with valves, clips being 
fastened over the nostrils to prevent 
nasal breathing. 


The air in the bags 























was afterwards measured by a gas- 
meter and analyzed for oxygen and 
carbon dioxide. 

The results of Dr. Hill’s researches 
may be summarized as follows: 


1. That the quality of ‘‘freshness’’ of air 
is due to its cooling power on the body, and 
that, on the contrary, oppressiveness of ordi- 
nary atmospheres is due, not to deficiency ot 
oxygen or excess of carbon dioxide and or- 
ganic toxins, but to ‘‘heat stagnation.’’ 

2. Cooling power depends on temperature, 
humidity, and motion of the air, and is in- 
ereased by low temperature, low humidity 
and high velocity of motion. 


3. That carbon dioxide content up to 1 per 


cent., or even higher, produces no deleterious 
effects or stresses on the human system, the 
only effects being slightly greater ventila- 
tion of the lungs such as would take place 
with moderate increase of exercise. 

4. That there is no evidence of the pres- 
ence of organic toxins in exhaled air. 

5. That cooling power in the air—unless 





carried to extreme—has a_ beneficial effect 
upon health generally. It promotes the 


metabolism of the system, assists elimination 
of toxins and waste products, and increases 
immunity to infectious and other diseases. 


In considering the effect of carbon 
dioxide, it is pointed out that the alveo- 
lar air, or air in the lung sacs, at ordi- 
nary pressures contains from 5 to 6 per 
cent. of carbon dioxide, at about which 
value it is kept involuntarily by the 
nerves controlling respiration; when 
the carbon dioxide tends to exceed this 
value, greater ventilation of the lungs is 
induced. 

The only result of breathing 0.5 per 
cent. of carbon dioxide is a slight and 
unnoticeable increase in the ventilation 
of the lungs. ‘Two per cent. carbon di- 
oxide increases pulmonary ventilation 
SO per cent.; 3 per cent., about 100 per 
cent.; and 5 per cent., about 300 per 
cent. (3). Normally we never empty 


the lungs, and the residual air and that 
in the respiratory passages, which con- 
tains over 3 per cent. carbon dioxide, 
Workers in 


is continually rebreathed. 
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breweries and aé€rated-water works, 
where the carbon dioxide content may 
be from 1.5 to 2.5 per cent., suffer no 
deleterious effects. In submarines, the 
crew can tolerate carbon dioxide in the 
atmosphere up to 3 per cent. 

In dealing with fatigue it was men- 
tioned that muscular activity was ac- 
companied by the oxidation of glyco- 
gen; this is a chemical process produc- 
ing heat, a process continually going on 
to a greater or lesser degree while life 
lasts. his heat production varies with 
the degree of muscular activity, and is 
least when the body is recumbent, re- 
laxed and asleep. This heat-producing 
activity when the body is resting, Dr. 
Hill calls the “‘basal or minimal meta- 
bolism,” and, as will be seen later, its 
amount is an important factor in a 
man’s capability to perform work in a 
hot atmosphere. Heat production is 
considerably increased when external 
work is done. The basal metabolism of 
the average man corresponds to a heat 
loss of about 1 miullicalorie per square 
centimeter of body surface per second; 
work may bring it up to 3 millicalories 


(3). 
The heat generated by muscular 
activity must be dissipated in some way 
or other, otherwise the temperature of 
the body will rise and cause serious dis- 
turbances. The heat is dissipated from 
the body surface by (1) radiation, (2) 
convection, (3) evaporation. The cool- 
ing due to (1) depends on the tempera- 
ture of surrounding objects; to (2), on 
the temperature and motion of the sur- 
rounding air; and to (3), on the vapor 
tension and movement of the surround- 
ing air. 

The body has a very sensitive heat 
regulating mechanism; when the body 
temperature tends to rise, the cutaneous 
blood vessels are dilated by nervous 
action, and the blood is therefore di- 
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verted to these vessels, raising the skin 
temperature and increasing heat loss by 
radiation and convection. If this is not 
sufhcient to balance heat production, 
the sweat glands are actuated and 
heat loss considerably increased by the 
evaporation of moisture—provided, of 
course, that in the first place the air 
temperature, and in the second place 
the wet-bulb temperature, is lower than 
that of the body surface. The body will 
make strenuous efforts to prevent a rise 
in its temperature, and these efforts will 
be very successful if it be physically 
possible. 

A considerable amount of heat is also 
lost by evaporation from the respiratory 
tract, the amount varying with the vol- 
ume of air respired and the dryness of 
the air. Except when the inhaled air 
is very cold, the temperature of the ex- 
haled air will be approximately 35° C. 
(95° F.), with a relative humidity near 
the saturation point. The amount of 
moisture evaporated per unit volume 
will be the difference between the mois- 
ture contained in nearly saturated air 
at 35° C. and the actual moisture con- 
tent of the inhaled air. 
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Table 1 shows the evaporation from 
the respiratory tract for every 100 cubic 
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feet of air exhaled, with various condi- 
tions of inhaled air. ‘The volume of air 
inhaled by a man when working is about 
60 cubic feet per hour, and when rest- 
ing, about 20 cubic feet. 

According to Leonard Hill, a consid- 
erable evaporation from the respiratory 
tract produces a copious flow of fluids 
from the lymphatic glands to the mu- 
cous membrane, and also stimulates 
increased blood flow to make up the 
heat loss, both of which processes pro- 
mote immunity from bacterial invasion. 
Whatever the process is, the results are 
undoubtedly borne out by practical ex- 
perience; high altitudes, where the air 
is dry and where the volume inhaled is 
increased owing to its lesser density, 
have a beneficial effect in preventing 
and curing respiratory diseases. 

In order that the body may dispose 
of its heat without strain, the cooling 
power of the surrounding air should be 
adequate. Dr. Leonard Hill has recom- 
mended the following cooling powers 
for persons doing different classes of 
work, the units being in mullicalories 
per square centimeter per second: 


l. For sedentary 
‘‘kata,’’ 18 by wet. 
2. For light manual work, 8 and 25. 
For heavy manual work, 10 and 30. 


workers, 6 by dry 


» 
), 


These figures are based principally on 
dry “kata” cooling powers necessary to 
prevent pronounced sweating and feel- 
ing of oppressiveness, the wet “kata” 
cooling powers being those values which 
would generally correspond to the val- 
ues of dry cooling power, in climates 
similar to that of England. On the 


Rand the wet “kata” values will be con- 
siderably higher on the surface, and 
considerably lower in the mines where 
the humidity is high, for the same values 
of dry cooling power. The figures, more- 
over, apply to persons wearing ordinary 
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clothing. Clothing makes a considera- 
ble difference, the cooling power on the 
body with ordinary outdoor spring 
clothing being about 50 to 60 per cent. 
of that of the naked body. ‘The native 
stripped to the waist while working in 
hot conditions underground gives him- 
self a great advantage over the clothed 
white man. 

For the purpose of the mines the wet 
kata-thermometer may be taken as the 
best standard of comfort, as it includes 
all the factors in cooling power on the 
body—temperature, humidity, and mo- 
tion. Dr. Haldane, as a result of inves- 
tigations into the effects of hot and hu- 
mid atmospheres, recommends the wet- 
bulb temperature ‘as the standard of 
comfort; but the latter does not take 
into account the important factor of 
motion of the air, and is a just standard 
for still air only. 

In Table 2 are given values of cooling 
power by wet kata-thermometer, with 
TABLE! 2.—VALUES OF COOLING POWER 

1;:BY! WET AND DRY KATA-THER 


} (MOMETER, WITH CORRESPOND 
ING PHYSIOLOGICAL EFFECTS 


Cooling 


Power Physiological Effects on Man 
a on Stripped to Waist 
Wet Dry 
‘“Kata’’ | “Kata” 
5 1.5 Extremely oppressive; profuse sweat- 


ing; rise of body temperature and 
pulse rate, especially when work is 
performed. Very small evaporation 
from respiratory tract. 


LO 3.9 Distinctly oppressive; body tem- 
perature can be kept nearly normal 
only by profuse sweating. Skin 
flushed and wet. Pulse rate high. 

15 0 Lower limit for comfort. 

20 8.0 Quite comfortable for work. 


25 10.0 (‘ool and refreshing for work; too 
cold for resting, especially after being 
heated 


the corresponding physiological effects 
which are likely to be produced. The 


cooling powers of dry “kata” are the 
corresponding values which will prob- 
ably occur in underground conditions. 
(These are based on numerous observa- 
tions in the mines of the Witwaters- 
rand.) When the dry cooling power 
exceecs 8 to 10, sweating ceases, and the 
dry cooling power should then be taken 
as the standard of cooling, if the skin 
and clothes are dry. When the skin is 
flushed and moist and the clothes are 
wet, and wet cooling powers are above 
25 units, there is great danger of pro- 
ducing chill unless hard work is being 
done and thermogenesis thereby main- 
tained. 

The effect of atmospheres of low cool- 
ing power on the human system is to 
divert the blood circulation from its 
normal course through the brain and 
the viscera, and to some extent from the 
muscles, to the cutaneous blood vessels 
in a strenuous attempt to get rid of heat. 
The blood pressure falls, owing to the 
dilation of these blood vessels, but the 
pulse rate is greatly accelerated and the 
work of the heart thereby increased. If 
carried to extremes, dizziness is caused, 
and digestion and other vital processes 
are temporarily inhibited, if not entirely 
suspended. 

The diversion of the blood stream 
from the muscles leaves them with im- 
paired nourishment and reduced means 
of washing away waste products, and 
consequently muscular fatigue is greatly 
accelerated; moreover, the feeling of 
oppression, the increase of internal 
work, and the lack of blood flow in the 
eliminative organs greatly conduce to 
general fatigue, as distinct from muscu- 
lar fatigue. ‘These factors explain the 
common complaints, “no appetite for 
food,” “no energy,” etc., from men 
working in hot, oppressive atmospheres 
underground. 


R. R. Sayers and D. Harrington, 
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Chief Surgeon and a Mining Engineer, 
respectively, of the U. S. Bureau of 
Mines, carried out some investigations 
into the physiological effects of high 
temperatures and humidities in metal 
mines (4). In a summary of their con- 
clusions, they state that in still air with 
a wet-bulb temperature over 90° IF. and 
with a relative humidity of 89 per cent., 
the following symptoms were found 
even when little or no exercise was 
taken: 


1. Blood pressure fell rapidly. 

2. Body temperature rose; and in one case 
reached 102° F. after less than two hours 
in the hot, humid air. 


3. Pulse rate inereased and seemed more 
sensitive to exereise than normally. 
4. Perspiration was very profuse. 


_ 


5. Dizziness was a common symptom and 
sometimes was marked. 

6. Physical weakness or exhaustion was 
marked in some cases and was present in all. 


7. Inability to think quickly or aet ac- 
curately was a very common symptom. 

8. Nausea was occasionally produced. 

9. Headache occurred oceasionally. 

10. Loss of weight was especially marked 
in men who had been employed under the 
eonditions of the tests over a period of vears, 
but occurred even after exposure for only a 
few days. 


After being overheated in an atmos- 
phere with a wet “kata” cooling power 
of, let us say, 5 units, the body surface 
remains flushed and moist, and the mu- 
cous membrane of the nose and throat 
congested, for a considerable time; the 
clothes are probably saturated with 
sweat and water spray, and the blood 
charged with waste products—in fact, 
the whole system is in a very susceptible 
state. It requires no stretch of imagi- 
nation to realize that exposure to a cold, 
drv wind in winter on coming up to the 
surface—when the wet cooling power 


may easily be as high as 50 or over—is 
putting a tax on the defensive mechan- 


ism of the body which is liable to strain 
it very severely, if not to the breaking 
point. 


It has long been a matter of contro- 
versy as to what constitutes “adequate 
ventilation” in mines. We can now 
definitely answer this question: Sufh- 
cient fresh air—with a margin of safety 
—muust be supplied to dilute dust-laden 
air and poisonous gases, such as carbon 
monoxide, to a harmless degree, the 
fresh air being well distributed to all un- 
derground workings. ‘The amount of 
fresh air should also have a definite rela- 
tion to the amount of heat required to be 
carried off, including the heat conducted 
through the rock, the heat generated by 
explosives and by oxidation of decaying 
timber, and the heat given off from the 
workers, from lamps, and from machin- 
ery, such as electric haulage engines, 
etc., most of which are quantities which 
can be computed with reasonable accu- 
racy. The temperature should be low- 
ered to a reasonable degree compatible 
with the quantity of air introduced, and 
the movement of air to give adequate 
cooling power then obtained, if neces- 
sary, by local circulation. 


First and foremost, it must be borne 
in mind that the aim must always be 
to obtain cooling power, provided poi- 
sonous gases have been reduced to a 
harmless amount. The cooling power 
should be ascertained by direct readings 
of the kata-thermometer. To describe 
it briefly, the kata-thermometer is an 
alcohol thermometer with a large cylin- 
drical bulb about 4 cm. long and 1.7 cm. 
in diameter, with a stem about 20 cm. 
long graduated from 95° to 100° F. 
(See Fig. 1.) The range 95° to 100° is 
more or less arbitrarily chosen to give a 
mean temperature of 97.5° F. (or 36.5° 
C.), which is approximately that of the 
clothed body surface. A small reservoir 
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is provided at the top of the stem to give 
a margin of overheating without burst- 
ing the bulb, to give time to place the 
instrument in the position required, and 
to allow the rate of cooling to become 





kic. 1.—Iata-thermometer. 


steady before the meniscus has fallen 
to 100°. 

In taking a reading of cooling power 
on dry surface the bulb is used bare, 
and is heated in hot water (at about 
80° C.) until the alcohol rises into the 


top reservoir and all air bubbles have 
been driven to the top of the meniscus. 
A thermos flask is very convenient for 
holding the water and keeping it hot 
during a short series of readings. The 
bulb and stem are then dried and the 
instrument suspended in the position 
required. ‘The time in seconds for the 
meniscus to fall from 100° to 95° is 
taken, preferably by a stop. watch. 
Fach instrument is carefully calibrated 
and marked on the back of the stem 
with a factor, or coefficient, such that 
the factor divided by the time of cooling 
in seconds gives the cooling power in 
millicalories (1/1000 gram _ calories) 
per square centimeter of cooling surface 
per second. In other words, the factor 
is the time of cooling in seconds neces- 
sary to give a cooling power of 1 milli- 
calorie per square centimeter per sec- 
ond. In all instances when figures of 
cooling power are given it should be un- 
derstood that they refer to millicalories 
per square centimeter per second. 

The wet cooling power is taken in a 
similar manner to the dry. The thin 
lisle thread finger stall supplied with the 
instrument is drawn over the bulb 
which is heated in hot water. The sur- 
plus water is then shaken off, the in- 
strument exposed in the required posi- 
tion, and the time of cooling taken. 
Where the cooling power varies owing, 
for example, to fluctuating draughts, 
several readings of each kind, perhaps 
five, should be made and the averages 
taken as the true values. 

To determine the laws governing the 
relations between cooling power and the 
separate factors of temperature, humid- 
ity, velocity and density of air, a series 
of experiments were carried out by Hill 
and his collaborators, in which wet and 
dry “kata” readings were taken with 
variation of these factors. The follow- 
ing relations were established: 
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Let Hd = cooling power by dry ‘“‘kata.’’ 


Hw = cooling power by wet ‘‘kata.”’ 
t = temperature of air in degrees 


centigrade. 


@ = excess of ‘‘kata’’ temperature 


over temperature of air = 36.5°— t. . 
V = velocity of air movement In 
meters per second. 
IF = vapor tension in millimeters. of 
mercury at 36.5° C. = 45.6 mm. 


f = vapor tension of the air. 


Dry “hata” ie rmulae ; 
In still air, Hd = 0.27 @ (1) 


In wind with velocity less than 1 meter 
per second. 
Ha ().2 OAV V)@ (2) 
In wind with velocity greater than 1 
meter per second, 
Hd = (0.13 + OATVV)¢ (2a) 
Wet ‘Kata’ Formulae: 
In still air, Hw Hd+9.085 (F—f) ° (3) 
In wind with velocity less than Il meter 


per second. 


Hw = Hd 0.06 + 0.073V V) (F—f)’7" (4) 
In wind with velocity greater than = 1 

meter per second, 

Hw =Hd 0.035 + 0.098 (/V) (Ff—f) °7 (4a) 
Kormulae (2) and (4) do not hold good 


with velocities less than 0.04 meters per see- 
ond, as this gives practically the same cool- 
ing as still air. 

Considering equation (1), the cool- 
Ing power is produced partly by radia- 
tion, and partly by convection currents 
set up by the hot bulb of the “kata,” 
and at ordinary temperatures and pres- 
sures approximately half the heat is lost 
by radiation, and half by convection. 
The heat lost by convection will vary as 
the square root of the density of the air, 
that is, as the barometric pressure, 
while the heat lost by radiation will be 
independent of barometric pressure. 


If 11, = cooling power at pressure po height hy 
H cooling power at pressure po and sea 
level 
Then H, Hy /2 + Ho /2V p, /p 


} +. Dr Dp a 
or H u( > (o>) 





That is, the percentage change in cool- : 
ing power is approximately one-fourth 


of the percentage change in pressure. 
This formula, which is the one given by 
Dr. Hill, obviously applies only to still 
air cooling. We suggest the following 
as a general formula to include wind 
conditions, for pressures different from 
that at sea level: 


H -( 0.13 + 0.07 2 + ().4 
Po 


to replace (2) 


and H = (0.13 + 0.47 Ve )e 
Po 


to replace (2a) 


(6a) 


At the altitude of the Rand these become 
H = (0.19 + 0.36V V) @ (7 
and H = (0.13 + 043V V) @ (7a) 


At the average working depths of the 
mines the change is negligible. 

As H is proportional to ®, the drv 
cooling power, say (H:) of a hot surface 
at a temperature(t:) other than 36.5° C., 
can be derived from cooling power H, 
at 36.5° C. by the equation 


H, = H, (@ QD) (Ss 


where ® difference between 36.5° and 
air temperature and /®: is difference 
between /t. and air temperature. ‘This 
formula is useful for taking out values 
of cooling power at skin temperatures 
which are usually lower than 36.5”. 

To find the wet cooling power at a 
temperature (/t:) other than 36.5° C., 
after substituting in equations (3) or 
(4) the new value of Hd, substitute for 
the vapor pressure at temperature 
/te. 

The equations given by Dr. Hill, 
which include (1) to (4), also (5) and 
(8), have all been tested and proved ex- 
perimentally. These formulae can be 
used to calculate values of wet and dry 















cooling power, when the temperature, 
vapor pressure, and velocity of the air 
are known, and, in the case of the out- 
side air, from meteorological records. 
They can also be used to analyze kata- 
thermometer readings and to determine 
what part each factor is playing. This 
is particularly useful when one is setting 
out to alter conditions. 

An examination of equations (2) and 
(4) shows how the cooling powers both 
by wet and dry “kata” are considerably 
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increased by wind or air motion. The 
effect on the dry cooling power will per- 
haps be more clearly shown by the 
curves in Figure 2 giving the relation 
between values of H/® and air velocity. 
For example, assuming that the air tem- 
perature is 25.5° C. (78° F.), then ®= 
36.5—25.5=11; an increase of velocity 
from zero to 1 meter per second (197 
feet per minute) will increase the value 
of H/® from 0.27 to 0.6, or the value of 
H from 3 to 6.6, that is, from distinctly 
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oppressive to refreshing conditions. To 
get the same increase of cooling power 
in still air the temperature would have 
to be lowered to 12.1° C. (54° F.). It is 
quite evident which is the easier method 
of obtaining the result. As a matter of 
fact, it is difficult to overstate the im- 
portance of air movement in obtaining 
good conditions. 

Mr. D. Harrington, Mining Engineer 
of the U. S. Bureau of Mines, although 
he does not seem to have had the ad- 
vantage of using the kata-thermometer, 
has by long experience and careful ob- 
servation come to have a strong appre- 


ciation of the value of air movement. In 
a recent article (5) he states: 


In the ordinary metal mine, the velocity 
of air at working faces is much more impor- 
tant than humidity, temperature, and con- 
tent of gases, except when the two latter go 
to extremes. For example, men have climbed 
100 feet out of a stope with pure still air at 
79° F. and 86 per cent. relative humidity 
to ‘‘eool off’’ in a level where the air was 
3° hotter and 5 per cent. more humid than 
in the stope, but was moving about 150 feet 
per minute. 


The cooling powers of the stope and 
level, calculated by Dr. Hill’s formulae, 
are 2.81 and 4.84, respectively. 

At the same time, it is a considerable 
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advantage to have the air cooled down 
to 25° C. (77° F.) or lower, as this neces- 
sitates very much less air movement 
than, let us say, a temperature of 30° C. 
(86° F.). This can be done by taking in 
a larger amount of outside air to the 
mine. In Figure 3 curves are given 
showing the relation between tempera- 
ture and wind velocity to give cooling 
powers of 6, 8 and 10 by dry “kata,” the 
values given by Dr. Hill for sedentary 
work, light manual work, and heavy 
work, respectively. It will be observed 
how rapidly the required velocity rises 
as the temperature approaches 25° C. 
(77° F.) for cooling power 10, and 30° 
C. (86° F.) for cooling power 6. This 
illustrates the advantage of cooling the 
air down to, let us say, 25° C. at least, 
after which adequate cooling power can 
be obtained economically by local cir- 
culation. 

It should be noted that air movement, 
so far as it affects cooling power, is not 
limited to unidirectional current but in- 
cludes every eddy or swirl which helps 
to remove the warm, humid air from the 
clothes and skin. Thus air, the velocity 
of which cannot be determined by the 
anemometer, may have considerable 
cooling power due to eddy motion; con- 
sequently, direct readings of cooling 
power by the kata-thermometer are pref- 
erable to calculated values. From equa- 
tions (2) and (2a), if the temperature 
and cooling power are known, we can 
calculate the velocity (or equivalent 
velocity) of the air. If the stream lines 
of the air are fairly regular, as in air 
owing through long parallel passages, 
the kata-thermometer can be used as an 
inemometer in conjunction with an or- 
linary thermometer, the velocity being 
‘alculated in meters per second from 
equation (2), or taken from curves simi- 
‘ar to those shown in Figure 2. 
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As the kata-thermometer measures 
only its own rate of cooling, its readings 
have either to be translated into ap- 
proximate physiological effects, as given 
previously in Table 2, or their relation 
given to the actual cooling of the human 
body; for all practical purposes the 
former method is good enough, though 
the latter is interesting and useful for 
research purposes and for estimating 
from the metabolism how much heat is 
generated in the body. From observa- 
tions carried out on various subjects 
Dr. Hill estimates that the heat dissi- 
pated from unit surface of the body of a 
person ordinarily clothed, in cool out- 
side conditions when no decided sweat- 
ing occurs, is from one-sixth to one- 
seventh of the dry “kata” reading cor- 
rected to the skin temperature of the 
cheek. ‘The conditions will, of course, 
change immediately upon the occur- 
rence of sweating. It does not neces- 
sarily follow that two different sets of 
conditions (temperature, humidity and 
motion) which give identical readings 
on the “kata” will produce identical ef- 
fects on the body. The kata-thermom- 
eter readings, moreover, give no reliable 
indication of the evaporation from the 
respiratory tract, this being dependent 
not on the motion of the air, but on the 
amount of air breathed and its absolute 
moisture content, which latter can be 
found from wet and dry bulb readings ; 
some allowance should, therefore, be 
made for this factor in extremes of dry- 
ness and humidity, such as occur on 
the Rand, on the surface and under- 
ground, respectively. 


There is a body of opinion that, be- 
sides the factors of temperature, humid- 
ity and motion, there may be other 
more subtle factors, on which at present 
we have not sufficient information. For 
instance, G. Stroede (6), working on 
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the catalysts assisting the transference 
of oxygen, finds a good deal of evidence 
that such catalysts are to some extent 
inhibited by exhaled air. The stufh- 
ness of air caused by its passing over 
steam radiators, though the final tem- 
perature of air inhaled may be sufh- 
ciently low and the cooling power satis- 
factory, is another matter which re- 
quires elucidation. There is also the 
question of air passing over decaying 
organic matter, such as rotten timber, 
when considerable oxidation goes on 
and the air feels stuffy. Whether the 
stuffiness in the latter case is detrimen- 
tal to health, or whether, like some bad 
smells, such as those produced in soap 
works and glue works, it is objection- 
able but innocuous, we cannot at this 
stage say definitely. 


( To he 


Ozone in very small dilutions (let us 
say, 1 or 2 parts in 100,000,000) seems 
to have a salutary effect in warding off 
bacterial infection, not so much by its 
direct germicidal action, but by its 
stimulating or irritating effects on the 
mucous membrane, producing in- 
creased flow of blood and secretion of 
mucus. It is stated that, during the 
influenza epidemic of 1918 in London, 
the employees of the Underground Rail- 
ways who worked in places where the 
air was supplied with ozone had an ab- 
sentee percentage of 3 due to influenza, 
while those whose working places had 
no ozone had 10 per cent. absent (7). 
It would be interesting to find how far 
ozone would help in the mines to pro- 
mote immunity from bacterial invasion 
of the respiratory tract. 


continued ) 
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ANNUAL MEETING OF THE NATIONAL CONFERENCE OF SOCIAL WORK 


The forty-ninth annual meeting of the Na- 
tional Conferenee of Social Work will be 
held in Providenee, Rhode Island, June 
299.99 Tn addition to the General Session 
meetings the Division on Health and the D1- 
vision on Industrial and Economie Problems 


have arranged the following interesting 


programs: 


Division III: HEALTH. 


Section Meeting I.—The Plan for Federal Re- 
organization. 

Nection Mecting II. Industrial Hygiene. 

Nection. Meeting //I.—Vealth Experiments and 
Demonstrations, 

Nection Meeting I1\.—The Art of Living. 

Section Meeting \V.—Social Hygiene and Vene 
real Disease Control. 
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DIVISION V: INDUSTRIAL AND ECONOMIC DROBLEMS. 


Section Meeting J.—wSocial Standards for Indus- 





try. 

Section Meeting 1J.—The Effect of Recent Court 
Decisions on Labor and Industry. 

Section Meeting I/i.—Human Relations in the 
Coal Industry. 
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Section Meeting IV.—KFEmployees’ Participation 
in Management. 


Section Meeting V.—Stabilizing Industry. 


The hotel headquarters for the Conference 
will be in the Hotel Biltmore. 


THE SEVENTH ANNUAL MEETING OF THE AMERICAN ASSOCIATION OF 
INDUSTRIAL PHYSICIANS AND SURGEONS 


Washington University Medical School, St. Louis, Mo., May 22 and 23, 1922. 


PROGRAM. 


Monday, May 22. 

9:30 A. M. at Washington University Medical 
School. 

Business Meeting. 

12:30 P. M. at Hotet Statler. 

Luncheon. 

1. COMMENTS. 

Chairman, J. S. Newell, Superintendent, National 
Lead Co., Granite City, Ill. 

2. ‘THE PHYSICIAN IN‘ INDUSTRY DEFINED. 

(. Bb. Ford, M.D., New York City. 

3. SCIENTIFIC MEDICINE AND SURGERY. 

George W. Crile, M.D., Professor of Surgery, Wes- 
tern Reserve Medical School, Cleveland, Ohio. 

4. THE VALUE OF THE PuBLIC HEALTH. 

Allen J. McLaughlin, M.D., President, American 
Public Health Association, Washington, D. C. 

%. HLUMAN CONSERVATION IN INDUSTRY BY MEDICAL 
SUPERVISION. 

L. G. Harney, M.D., East St. Louis, Il. 

2:30 P. M. at Washington University Medical 
School. 

1. THE WORKINGMAN’S DIET. 

John R. Murlin, M.D., Professor of Physiology 
and Director, Department of Vital Economies, 
University of Rochester, Rochester, N. Y. 

’. SICKNESS RECORDS IN T’REVENTION WORK. 

hdgar Sydenstricker, U. S. Public Health Service, 
Washington, D. C. 

3%. MERCANTILE HYGIENE. 
irthur B. Emmons, 2d, M.D., Director, Harvard 
Mercantile Health Work, Boston, Mass. 

Discussion by Harold W. Stevens, M.D., Jordan 
Marsh Co., Boston, Mass. 

4. OCCUPATIONAL DISEASES AND THE IHYSICIAN IN 
INDUSTRY. 

1. G. Cranch, M.D., National Carbon Co., Cleve- 
land, Ohio. 

o. STUDIES OF UNDERNOURISHMENT IN INDUSTRY. 

William Hall Bunn, M.D., Youngstown, Ohio. 

Discussion by R. W. Filiott, M.D., National Lamp 
Works, Cleveland, Ohio. 

f. IMPORTANCE OF PERIODIC PHYSICAL EXAMINA- 
TIONS, WITH REPORTS ON 3,000 EXAMINATIONS. 
William B. Fisk, M.D.. Chief Surgeon, Interna- 

tional Harvester Co., Chicago, TI. 

Discussion by R. S. Ouinby, M.D., Wood Rubber 
Co., Watertown, Mass. 


Tuesday, May 23. 
9:30 A. M. at Washington University Medical 
Nehool. 
lL. Tre PrActicat APPLICATION OF THE ACTIVITIES 
OF THE Purric HEALTH SERVICE TO THE PRORLEMS 


AFFECTING INDUSTRY AND INDUSTRIAL L’HYSICIANS. 

LL. R. Thompson, M.D., Surgeon in Charge, Divi- 
sion Industrial Hygiene, U. S. Vublic Health 
Service, Washington, ID. C. 

?. SurGIcAL RECONSTRUCTION (illustrated). 

R. Tunstall Taylor, M.D., Professor of Orthope- 
dics, Johns Hopkins Medical School, Baltimore, 
Ma. 

3. THe HEART IN INDUSTRY. 

Paul D. White, M.D., Chief of the Medical Out- 
Patient Departments and in Charge of the 
Cardiac Clinic, Massachusetts General Ilospital, 
Boston, Mass. 

Discussion by Arthur FE. Strauss, M.D., St. Louis, 
Mo. 

4. THe RELATION OF INGUINAL IIERNIA TO THE 
WORK MEN’S COMPENSATION. 

J. M. Wainwright, M.D., Chief Surgeon, Glen 
Alden Coal Co., Seranton, Pa. 

Discussion by Loyal A. Shoudy, M.D., Bethlehem 
Steel Co., Bethlehem, la. 

5. UNUSUAL FRACTIONS AND [DISLOCATIONS WITH 
kenp Resuvtrs (illustrated). 

C. W. Hopkins, M.D., Chief Surgeon, Chicago & 
Northwestern Ry., Chicago, II. 

Diseussion by George D. Cale, M.D., St. Luke's 
Hospital, St. Louis, Mo. 

6. ATMOSPHERE, EFFICIENCY AND CIVILIZATION, 
Ellsivorth Huntington, Department of Geological 
Sciences, Yale University, New Haven, Conn. 

7. WHAT SHOULD THE INDUSTRIAL PHYSICIAN 
KNow About NERVOUS AND MENTAL DISEASES? 

Frankwood FEF. Williams, M.D., National Committee 
for Mental Hygiene, New York. 


(Cafeteria lunch served in the restaurant of the 
Medical School.) 


300 P. M. 

ELECTION OF OFFICERS. 

THE RELATION OF SYPHILIS AND GONORRHEA TO 

INDUSTRY. 

William F. Snow, M.D., General Director, Amer- 
ican Social Hygiene Association, New York. 

Discussion by A. V. Thomson, M.D., New York. 

3. INDUSTRIAL GROUPINGS AND TUBERCULOSIS. 

William Charles White, W.D., Director, Tubercu- 
losis League, Pittsburgh, Ta. 

4. Tue INDUSTRIAL PHASE OF THE TUBERCULOSIS 
PROBLEM. 

Frank A. Craig. M.D., Physician in Charge of 
Industrial Work, Henry Phipps Institute, Phila- 
delphia, Ta. 

5. INDUSTRIAL RESULTS OF GRANITE Dust INHALA- 
TION. 

D. C. Jarvis, M.D... Parre, Vt. 
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ANNOUNCEMENT OF SUMMER COURSE IN REHABILITATION 


BY 


GRADUATE ScHoot or Epucation, HARVARD UNIVERSITY: NATIONAL TUBERCULOSIS ASSO- 


CIATION: AMERICAN OCCUPATIONAL THERAPY 


ASSOCIATION: INDUSTRIAL REHABILITATION 


Division, FrperRAL BoARD FOR VOCATIONAL EDUCATION: AND NATIONAL COMMITTEE FOR 


MENTAL 


We take pleasure in announcing a course 
in the Rehabilitation and Reédueation of 
Handicapped Persons, during the summer 
session of Harvard University, July 10 to 
August 19, 1922, under the direction of Mr. 
W. I. Hamilton, assisted by specialists. 

This course is offered as a_ broad basal 
course for those who are working with or in- 
tend to work with the handicapped. Among 
those who should find it profitable are oceu- 
pational aides in hospitals, teachers of the 
handicapped, ‘‘after-care’’ nurses, workers 
in employment bureaus for the handicapped, 
agents of state rehabilitation services and of 
the Veterans’ Bureau, and others interested 
in rehabilitation as a part of a constructive 
social program. 

Mr. Hamilton is Industrial Research See- 
retary of the National Tuberculosis Associa- 
tion. For three years prior to joining the 
staff of that association, he was in charge of 
the training of disabled soldiers with the Fed- 
eral Board for Vocational Edueation. 

July 12-21 Mr. Hamilton’s lectures will 
Aug. 14-17 cover the following topies: so- 

eial and eeonomie foundations; 
rrowth of the idea of rehabilitation: inter- 
relations of phases of work from the time the 
disability is ineurred until rehabilitation is 
attained; legal aspects; psychological ap- 
proach in oceupational therapy and_ pre- 
vocational work; determination as to train- 
ing and seleetion of job objective: the ‘‘men- 
tal’’ case and rehabilitation: training meth- 
ods; the place of institutional training, ‘‘job”’ 
training and other types of training in a re- 
habilitation scheme; special problems as re- 
lated to the blind, deaf and speech-defect 
eases, the nervous and mentally disabled; de- 
sirable future developments. 

With Mr. Hamilton will be associated: 
Mr. John A. Kratz, Chief, Industrial Reha 

July 24-28 bilitation Division, Fed 

eral Board for Voea- 

tional Edueation.—five leetures—the mean- 
ing of rehabilitation as defined in the Federal 
Act and the activities for which it provides: 
the scope. limitations and methods of na- 
tional and state rehabilitation services: eo- 
operative relationships between rehabilita- 
tion services and other state agenetes. sueh 
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as compensation commissions maintenance, 
co-operation with other helpful agencies in 
the several states, including medical associa- 
tions, industrial physicians, hospital staffs 
and organized social and relief agencies. 
Dr. H. A. Pattison, Supervisor of Medical 
July 31-Aug. 4 Service, National Tuber- 
eculosis Association, — 
five leetures—physical reconstruction and 
prosthetic appliances; medical aspects of 
rehabilitation; scope; care and relationships, 
including oceupational therapy, treatment, 
‘‘after-care’’ and employment, with special 
reference to the tuberculous. 
Mr. F. G. Elton, District Director, New 
Aug. 7-11 York State Rehabilita- 
tion Service, — five lec- 
tures and discussions on ease methods and 
procedure in rehabilitation. 
Dr. F. E. Williams, Associate Medical Direc- 
Aug. 14-15 tor, The Nation- 
al Committee for 
Mental Hygiene; 
Kditor, Wental Hiygiene—two leetures- 
sential elements in eonduet disorder; mental 
handieaps in the physieally disabled; special 
problems in the rehabilitation of the mental- 
lv handicapped; recognition of mental han- 
dieaps; possibilities in rehabilitation. 

Students enrolling in the course will have 
opportunity to study actual cases of rehabilt- 
tation and methods of rehabilitation as con- 
ducted in the vicinity of Boston. 

In addition to the regular morning lee- 
tures, opportunity will be provided each week 
for one or more group conferences, in which 
phases of the work will be fully and inform- 
ally discussed. Each student seeking credit 
toward a degree will be required to present 
one thesis of from three to five thousand 
words, the subject of which will be agreed 
upon with Mr. Hamilton. Upon the aecept- 
anee of the thesis and the passing of the eus- 
tomary examination, this course will be ac- 
cepted as a half course for a graduate degree 
and also for the decree of A.A. 

The announcement of courses in the Har- 
vard University Summer School may be ob- 
tained by writing to the Graduate School of 
Edueation, Harvard University, Cambridge, 
\Iassachusetts. 
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